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1. REFERENCE

For objective and policy of ARS Construction Project Design Standard, see
DIRECTIVE 242.1.

2. ABBREVIATIONS

. A-E - Contract Architect-Engineers

. CO - Contracting Officer

. EPM - Engineering Project Manager

3. ORGANIZATION OF MANUAL

This MANUAL is organized and presented according to the following outline:
CHAPTER 1 - BASIC REQUIREMENTS

This chapter addresses design compliance with codes and regulations, design
principles covering environmental and functional needs, safety, health and
security, economy, conservation of resources, and historical preservation.

CHAPTER 2 - SITE PLANNING AND LANDSCAPE DESIGN

This chapter addresses requirements considering physical character of the site,
grading and drainage, pedestrian and vehicular circulation, and planting.

CHAPTER 3 - ARCHITECTURAL ELEMENTS

This chapter addresses space requirements and handicap accessibility, exterior
and interior building components and finishes, and support service areas.

CHAPTER 4 - STRUCTURAL AND GEOTECHNICAL ENGINEERING
This chapter addresses the building structural elements including requirements for
foundation, substructure and superstructure, and equipment support system

design.

CHAPTER 5 - MECHANICAL



This chapter addresses requirements and design considerations for plumbing,
heating, ventilation and air-conditioning (HVAC), and underground heat distribution
system.

CHAPTER 6 - ELECTRICAL

This chapter addresses the requirements and design considerations for
primary/secondary services and distribution, emergency power, illumination,
special equipment, and communication and signaling systems.

CHAPTER 7 - SAFETY AND HEALTH ELEMENTS

This chapter addresses the requirements and design considerations related to
laboratory ventilation, hazardous material storage, emergency egress
requirements, and asbestos abatement.

CHAPTER 8 - ELEVATORS (VERTICAL TRANSPORTATION SYSTEM)

This chapter addresses the requirements and design considerations covering
passenger elevators, freight elevators, dumbwaiters, and wheelchair lifts.
CHAPTER 9 - BIOHAZARD CONTAINMENT DESIGN

This chapter addresses requirements and design considerations for containment
facility covering hazard classification and choice of containment, architectural,
mechanical and electrical design features, testing and certification requirements
for critical components of containment system, and bid document preparation.
CHAPTER 10 - ANIMAL RESEARCH AND CARE FACILITIES

This chapter addresses requirements and design considerations for animal welfare

and special facility features.

CHAPTER 11 - GREENHOUSE DESIGN GUIDE



This chapter addresses requirements and design considerations for greenhouse

design covering sitework, architectural and structural requirements, mechanical
system design, control requirements for HVAC systems, irrigation systems, and
electrical.

CHAPTER 12 - DRAFTING STANDARDS

This chapter provides a standard for producing clear, uniform design drawings and
illustrations.

T. J. CLARK
Deputy Administrator
Administrative Management

EXHIBIT
1 Construction Project Design Standard
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ARSMANUAL 242.1
Congtruction Project Design Standard August 30, 1991

CHAPTER 1. BASIC REQUIREMENTS
PART 1. GENERAL

1.1.1 Purpose: ThisMANUAL egtablishesthe basic ARS design criteriafor the congtruction, repair, and
dteration of ARS building and facilities. The MANUAL isintended for the use of ARS technical and
other personnd and professond services contractors involved in design, design programming, and
design review.

1.1.2 Compliancewith National Model Codesand Standards:

a. The project design for the congtruction or dteration of ARS buildings and facilities shdl be
deve oped, to the maximum extent feasible, in compliance with one of the nationdly recognized
mode building codes and with other gpplicable nationaly recognized codes and standards. Such
mode codes and other standards shall include but not be limited to those listed in Table 1-1.

b. Inaddition to using the gpplicable nationa modd codes as a minimum standard; specia
requirements directly related to local practices or circumstances, which do not compromise the
best interest of the Government shdl be incorporated into project design. Considerations shal be
given for incorporating the requirements (other than procedura requirements) of zoning laws and
laws relating to landscaping, open space, minimum distance of a building from the property line,
maximum height of abuilding, historic preservation, esthetic qudities of abuilding, and other smilar
laws of agtate or apolitica subdivision of a state which would apply to the building if it were not a
building constructed or atered by the Federal Government.

c. Theproject desgn shdl meet dl gpplicable Federd, State, and locd regulations for preventing,
abating, controlling air and water pollution, and controlling radiation and noise.

d. Any conflict or deviations from the moded codes resulting from specid requirements directly
related to loca practices, State or Federd regulations including ARS technica requirements
contained in this MANUAL, shdl be resolved by designing for the most stringent requirement.
The A-E is expected to research al applicable codes, standards, and regulations to determine the
scope of regulatory compliance required by the project at hand.
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ARSMANUAL 242.1

Congtruction Project Design Standard August 30, 1991

TABLE 1-1 - Example Mode Codes and Standards

Building Codes Publisher*
Basic/National Building Code BOCA
Standard Building Code SBCC
Uniform Building Code ICBO

One- and Two- Family Dwelling Code CABO

M echanical Codes

Basic Mechanical Code BOCA
Standard Mechanical Code SBCC
Uniform Mechanical Code ICBO
Plumbing Codes

Basic Plumbing Code BOCA
ICBO Plumbing Code ICBO
Standard Plumbing Code SBCC
Uniform Plumbing Code IAMPO
Fire Codes

Basic Fire Prevention Code BOCA

Fire Prevention Code NFPA
National Fire Codes NFPA
Standards Fire Prevention Code SBCC
Uniform Fire Code ICBO
Energy Conservation Codes

Model Energy Code CABO
Electrical Codes

National Electrica Code NFPA
Gas Codes

National Fuel Gas Codes NFPA
Standard Gas Code SBCC

Sign Codes

Uniform Sign Code ICBO
Miscellaneous Standards

ANSI Standards Catalogue ANS|
ASTM Standards Catalogue ASTM
NFPA Codes and Standards Catalogue NFPA
NFPA 101/Life Safety Code NFPA
Standard Building Code Book of Standards SBCC
Uniform Building Code Book of Standards ICBO
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*ANSI = American National Standards Institute; ASTM = American Society for Testing and Materials;
BOCA = Building Officids and Code Administrators;, CABO = Council of American Building Officials,
ICBO = International Conference of Building Officids;, IAMPO = International Association of Plumbing
and Mechanical Officias; NFPA = National Fire Protection Association; SBCCI = Southern Building
Code Congress International.

Determining Regulatory Requirements:

The most effective way to dedl with code compliance is for the A-E to meet with locd officias prior to
schematic design to determine the regulatory requirements for the particular building in question.

These officids often include the responsgible building officid and the Fire Marshdl. In amdl
communities the duties of these two officials may be carried out by the same person.

During the initid meeting, notes made by the A-E may prove helpful. Items not discussed in this
meseting may not comply with the code. The A-E, therefore, should not expect afull code review a
the preliminary session where genera code issues are discussed.

Early input by regulatory officidsis necessary to diminate potentia cogtly design changes later in the
project.

Once the regulatory requirements have been identified, the A-E can proceed with design and develop
the documents necessary for a building department plan review as a prerequisite to obtaining a building

permit.
Metrication Policy of Agricultural Research Service.

The Omnibus Trade and Competitiveness Act of 1988 (Public Law 100-418, Section 5164) declares
the metric system as the preferred measurement system for U.S. trade and commerce. Thelaw
requires that each Federd agency, by a date certain and to the extent economicaly feasible by the end
of the fiscd year 1992, use the metric system of measurement in its procurements, grants, and other
business-rdated activities, except to the extent such useisimpractica or islikely to cause sgnificant
inefficiencies or loss of markets to United States firms, such as when foreign competitors are
producing competing products in non-metric units.

It is ARS policy to comply where practica with the implementation of metrication under the following
conditions when preparing design documents:
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a. When metricisclearly the accepted industry measurement system, the A-E shdl
incorporate the use of metric system in developing contract specifications, drawings, and other
measurement sengitive documentation.

b. When it isknown that metricisnot fully incorporated into the industry system asa
standard practice of measurement, the A-E shdl incorporate the use of any of the following
measurement systems (as directed by the Engineering Project Manager) in developing contract
specifications, drawings, and other measurement sensitive documentation.

1.  Traditiona inch-pound measurement system.

2. "Soft metric" (the result of mathematicaly converting inch-pound measurements to metric
equivaents).

3. "Hybrid" sysems (e.g., sysems which use inch-pound measurements for some parts of an
item and metric measurements for other parts).

4. "Dud" sysems(eg., where an item is produced and described in inch-pound values, but is
also described in soft metric values for informationa or comparison purposes).

1.1.5 ARSEnergy Management Policy for Buildingsand Facilities.

Consgtent with the requirements defined by Public Law 100-615 "The Federal Energy Management
Improvement Act of 1988" and Executive Order on Federd Energy Management (E.O. 12759), it is
ARS palicy to conserve and make more efficient use of energy in ARS buildings and facilities through
improved operations and maintenance, the use of new energy efficient technologies, and the
gpplication and achievement of energy efficient design and congtruction. It isARS god to achieve
optimum energy efficiency (while maintaining ahigh level of employee safety and hedth) by:

a. Reducing the overd| energy usein ARS buildings and facilities, on aBTU per gross square foot
basis, by 10 percent between 1985 and 1995 to the extent that the energy efficiency measures
minimize life cycle costs and are cogt-effective in accordance with 10 CFR Part 436.

b. Reducing the overdl energy usein ARS buildings and facilities, on aBTU per gross square foot

bas's, taking into account utilization, by 20 percent between 1985 and 2000 to the extent that the
energy efficiency measures minimize life cycle costs and are cost-effective in accordance with 10
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CFR Part 436.

Increasing energy efficiency in ARS indudtrid type facilities in the aggregate by 20 percent
between 1985 and 2000, to the extent that the energy efficiency measures minimize life cycle costs
and are cost-effective in accordance with 10 CFR Part 436.

. Minimizing the use of petroleum products for facilities operations or building purposes through 1)

switching to an dterndtive energy sourceif it is estimated to minimize life cycde cogts and which will
not violate Federd, State, or locd clean air dandards, and 2) modifying existing sysems where
potentid for dual fuel capability exists and where practicable.

. Asauring the purchase of energy efficient goods and products by selecting for procurement those

energy consuming goods or products which are the most life cycle cost-effective, pursuant to the
requirements of the Federal Acquisition Regulation. To the extent practicable, requiring
vendors to provide appropriate data that can be used to assess the life cycle costs of the goods or
products, including building energy system components, lighting systems, office equipment, and
other energy using equipment.

Participating in demand-side management services such as rebates and shared energy savings
contracts.

Implementing the applicable rules and regulations regarding Federa property and energy
management for current building space.

Complying with the energy performance standards as set forth in 10 CFR Part 435 in the design

and congtruction of new ARS buildings and facilities.

In order to achieve ARS god for optimum energy efficiency, the A-E shdl adopt such procedures as
may be necessary to ensure that the design of new or the renovation of existing ARS buildings and
facilities be undertaken in amanner that provides for appropriate consideration of the principles of
effective energy building design and the compliance requirements prescribed in 10 CFR Part 435.

PART 2. DESIGN PRINCIPLES

General Policy. ARS buildings shdl be designed and aterations made to best meet the functiond,
safety, and environmental needs of the programs they house.
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1.2.2 Environmental and functional needs. ARS buildings shdl provide an environment in which
occupants can do their work with maximum efficiency at the optimum level of comfort, taking the
following factors into consderation:

a

Arrangement of space. Space relationships within buildings shdl be planned to optimize the
functions being performed by the occupant. Interaction areas shal be provided within the building
to promote informa technica discusson between scientists.

Barrier-free access. Buildings shal meet the needs of individuas with physical disbilities
Desgn shdl conform to the requirements as outlined in the Uniform Federd Accessibility
Standards. To the extent resources permit, designs shall extend beyond the minimum barrier-free
design required by Federd law and regulation.

Illumination. Natura and artificid illumination shal be sufficient to meet requirements of the tasks
performed by the occupants.

Thermal environment. Thetherma environment shal be such asto provide hedthy working
conditions for the occupants and proper climatic conditions for the work being performed.
Provison of flexibility and suitable control is necessary.

Acoustical environment. New buildings and dterations shal be planned and designed to
minimize noise that disturbs occupants unduly or interferes with their ability to do their work. An
adequate leve of privacy shdl be provided so that occupants can perform their tasks effectively
with minimum outside disturbance. The leve of privacy required will vary depending on the tasks
involved.

Maintenance and operation. Desgns shall be based on user needs and maintenance capabilities
and shdl stidy the functiona requirements for efficient operation of the facility. Materids and
projects shdl be durable, easily maintained, and appropriate for the intended use.

Harmony with environment. Specia attention shall be paid to the arrangement of streets and
public space of which the building isapart. Within budgetary and ste limitations, designs shal
include generous development of well-landscaped, inviting, people-oriented space.

Regional character. Buildings shal reflect the architectura character of the locde. Loca
building ordinances and zoning practices shal generdly befollowed. Use of materids and
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products indigenous to the locade of the project shall be given preference.

1.2.3 Safety, health and security. ARS buildings shdl provide an environment that is ssfe and hedthful
for occupants, and that offers them maximum protection during emergencies or disasters.

124

a

Structural adequacy. Design of buildings shall be adequate for the functions to be performed
and the loads imposed by building equipment, occupants, and their activities. Soil and other
geotechnica problems shal be carefully andyzed and resolved during the design process.

Protection against disaster. Design shdl provide minimum exposure to fire, earthquake, or
natural disaster, and shdl provide barrier-free egress and refuge for dl people, including the
disabled, in an emergency.

Security. Buildings shdl be designed to minimize security risk to persons, research animals, and
property.

Accident prevention design. Design shdl be the result of safety andyses and shdl address
unsafe conditions that cause injury, illness, or property damage.

Health hazards. Materids and products with known or suspected properties that are hazardous
to the hedth of occupants and ingdlers shdl be avoided in designing buildings. Hazardous
arrangements of building components shdl be avoided.

Repair, renovation, and alterations. Design shdl be accomplished for repair, renovation, and
dteration activities to reduce or diminate hazardous exposure of the occupants through sdlection
and use of materids and methods.

Economy. ARS buildings shdl be designed at the most reasonable cost in terms of combined initia
and long-term expenditures, without compromising other project requirements.

a

b.

Site adaptation. In many, if not mog, ingtances, a site will aready have been selected before
design begins, however, design professionals shall, where possible, have a part in the sdlection.
The design of the building shdl be sted economicaly and efficiently.

Efficient utilization. Ratio of net usable to gross area shal be as high as possible conggtent with
program objectives. Space dlocation for occupants shal be aslow as possible consistent with
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1.2.6

GSA guiddines and the intended functions.

c. Economical materials. Materids, products, and systems of proven dependability shdl be used
in the design or dteration of buildings. Materids shdl be as economica as possble, in terms of
combined initid and long-term cost, consistent with program objectives. To the extent possible,
gtandard commercialy available products shal be used.

d. Cost alternatives. Alternatives shal be consdered to ensure long-term, cost effective design.

e. Maintenance, operation, repair, and replacement costs. Buildings shdl be designed, and
materias selected, to minimize the cost of maintenance and repair.

f. Foster maximum competition in bidding. Buildings shdl be desgned and building materids,
components, and systems incorporated into the design so as to foster maximum competition
among bidders, suppliers, and contractors.

g. Project administration. Projects shal be planned and scheduled to ensure effective and efficient
design.

Conservation of resources. Energy conservation shdl be given prime consderation in the design of
buildings. Products, materias, and systems shal be sdlected with aview toward minimizing the use of
nonrenewabl e resources.

Historical preservation. Specid sengtivity shal be shown in dtering and retrafitting ARS buildings
of higtorica significance to preserve and highlight their architectura integrity. The improvement design
shal make no mgor impact upon the qualities which make these structures significant.
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CHAPTER 2. SITE PLANNING/LANDSCAPE DESIGN
PART 1. GENERAL

Purpose and Scope. This chapter provides the genera objectives, consderations, and procedures of
ste planning and landscape design.  For new congtruction, planning and design shdl befor a
predetermined Ste identified to the Architect-Engineer (A-E) by the Agency. It isaso assumed that a
detailed study of the requirements of the project, its employees, its visitors, and facilities to be included
in the Ste plan have been determined during the programming phase.

Objectives:

a. SitePotential: Full advantage shall be taken of existing Ste and landscaping potentia by
preserving the ste's natural festures to the greatest extent possible.

b. Relationship of Elements. A proper and harmonious relationship should be established
between e ements on a common Site, and between the Site and the surrounding environment.

c. Functionality and Efficiency. Provide asite plan and landscape design that are economicd to
condruct, functiondly efficient, and easy to maintain.

d. Energy Conservation. The site plan and landscaping scheme shdl contribute to the energy
efficiency of the project through use of natura Ste features, plantings, etc.

e. Accessibility. Sdect materids, and design landscaping features to allow unredtricted use by
individuds with physica disabilities.

Coordination: The site planning and landscape design shal be coordinated with related architecturd,
gructura, mechanica, and eectrica work.

Basic requirements. The ste planning and landscape design shdl comply with gpplicable codes and
standards governing the work and other requirements described in Chapter 1.

PART 2. ELEMENTSOF SITE DESIGN

Physical Character of the Site. To achieve the objectives of good site planning, the designer must
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andyze the physica character of the ste and the surrounding area, develop a design that both respects
and reinforces the individua character, and takes into consideration the following:

a. Topography. Thetopography shal form a strong influence on design of the project ste. On large
project sites of open campus-like development, every effort shall be extended to blend the
development with exigting contours. For projects within urban areas where Site arealis limited, the
topography within and surrounding the Steis equaly important.

b. Natural Features. Naturd sSte features such as exigting trees, ground forms, and water shal be
preserved and utilized to the maximum extent possible.

c. Undesirable Conditionsthat Surround the Site.

1) Hazards and nuisances adjacent to the project site must be considered when developing the
steplan. Adverse effects of such factors as excessive noise, odors, smoke, dust, etc. must
be dleviated to the extent possible by proper orientation of the structures, grading, planting
screens, and protective buffer strips.

2)  Pursuant to Executive Order 11988, Foodplain Management, and Executive Order 11990,
Wetlands Protection, ARS is required to avoid direct or indirect support of floodplain
development and new congtruction in wetlands wherever there is a practicable dternative.
When thereis no practicable dternative, and if the Ste islocated in a floodplain, wetland, or
could be exposed to flood hazards, this fact shall be stated on the working drawings. If so,
occupied spaces and mechanica and electrica components shal not be located below the
anticipated high water level.

2.2.2 Grading and Drainage. Grading schemes shdl consder the following:
a. Disposa of surface water as quickly as possible.

b. Presarvation of the character of the naturd terrain by minimum disturbance of existing ground
forms.

c. Baandng of cut and fill.

d. Avoidance of sepsin sidewalks.
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e. Meset ground leve of existing treesto be saved, or plan for tree wells as a part of the overdl ste
design concept.

f. The minimum desirable dope for turf areas shdl be not less than 1.5 percent. Maximum dope for
turf areas shdl not exceed one foot risein 3 feet of run.

g Minimum dope for parking and terrace areas shal be not less than 1.5 percent or more than 7
percent.

h.  Proposed contours must meet existing grades at the property line or contract limit linesin smooth
flowing curves

i. Bankswith dopesin excess of onefoot of risein 3 feet of run are too steep for mowing A
vine or shrub type ground cover shdl be ingtdled to ensure dope stabilization and reduce
maintenance. If adesign resultsin dopes of 2 to 1 or Steeper, aretaining wall or revetment
shall be provided.

j. Surface drainage shdl be directed to drainage structure inlets within the site limits.

2.2.3 Pedestrian and Vehicular Circulation. Pedestrian and vehicular traffic patterns shdl be
direct, convenient, safe, and alow for accessibility by individuas with physicd disabilities.

a. Design of pedestrian walkways shal provide for direct movement between facilities rather
than being based on rigid geometric patterns.

b. Pedestrian and vehicular traffic shal be separated to the extent possible.

c. Alignment of roads shdl be designed for directness of approach with contours as parale
as possible to avoid undue cut and fill.

d. Perimeter roads generdly separate vehicle and pedestrian traffic conflicts when
pededtrians are traveling from the parking areas to the building.

e. Accessfor emergency vehicles shdl be provided.

2.24 Ramps. Rampsshdl be designed for adequate movement of al types of traffic.
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231

Plazas, Courtyards, and Roof-top Gardens. If plazas, courtyards, and roof-top gardens
are proposed, they shdl be inviting and comfortable spaces, clearly responding to user needs,
and must be accompanied by supporting documentation that was approved during the
programming phase of the project. The facilitiesto be provided shal be based on what is
needed to serve the building employees and visitors to the Site.

Planters. When planters are to be used for tropica plantsin a building or landscape plantings
on the building, adetermination shdl first be made as to what plant materia will be used s0
that planters of sufficient size will be provided to support an adequate root system. The
meature size of the plant materiad must be known to determine the structura support system
under the planter. Artificia light shdl not be used soldly to support plant life. Adequate water
supply and drainage shall be provided.

PART 3. ELEMENTSOF LANDSCAPE DESIGN
L andscape Design Principles.

a. Thelandscape design shdl be anintegra component of the total project environment, and
shall respect and preserve its existing naturd attributes.

b. The landscape maintenance capability of buildings management, or designated service
contract, shal be amgor consderation in the amount and complexity of the landscape
design.

c. Thedesign shdl be kept smplein farm but of sufficient quantity to create the mass effect of
the design concept.

d. Theuseof hardy plants thet will thrive in the dimeate hardiness zone of the Steis
mandatory.

e. Living plants have sat habits of growth, texture, form, and color. These habits must be
fully understood to avoid overplanting, excessve maintenance, and conflict with other
plants and structures.

f.  The screening of objectionable views and the visua separation of functiond dementsis
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24.2

desirable; however, vighility and easy accessihility shdl be provided for fire department
connections.

0. Useof deciduous plantings adjacent to west and south facing walls shdl be encouraged for
those climates with seasonal change.

h.  Areaswithin the project boundaries, except those clearly intended to be modified by
development, shal be preserved in their exigting condition, or so improved that they will be
compatible with both the new congtruction and the surrounding landscape.

Planting in Public Spaces. The Agricultura Research Service (ARS) has no authority to
expend funds to plant trees or shrubs in areas not owned by the Federd Government. If acity
has a master plan for street tree planting, the project landscape architect shdl coordinate with
the city plan. The project plan shal then be submitted to the city for inclusion in its next street
improvement project. However, many city codes require that street tree plantings must be
included in dl building projects. Local codes should be followed using the type of tree
specified on the street tree plan.

Planting Within or Above Portions of Buildings. Planting within or above portions of
buildings poses specid problems in the sdlection of plant material and the provisonsto
maintain the plantings.

a. Planting around air exhaust openings and over utility tunnels shdl be avoided whenever
possible.

b. High winds and extreme temperature changes require added maintenance far plants within,
or on, buildings.
PART 4. SITE PLANNING/LANDSCAPE DESIGN PROCESSES
General. Site planning and landscape design, like the other design processes, demand that
severa tasks be performed and severa plans be produced in order to develop aresponsive,
effective desgn.

Coordination of Design Professionals.

a Inany project that includes a substantial Site area development, it is essentid that a
landscape architect be a member of the project design team. The landscape architect must
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maintain aclose liaison during each design phase of the project. Decisions regarding the
location and operation of the mechanicd, structura, and utility systems have amgjor
impact on the ste plan and landscaping. Cooperative decisions as to how and where they
can best be accommodated are mandatory. In order to become acquainted with the area
and its surroundings, the designer shdl make frequent visits to the Site daring the stages of
gte plan development. Thiswill facilitate accurate determination of the proposed plan's
adaptability to the Site,

b. If landscape design drawings are required, a registered landscape architect shall prepare
the landscape plans.

Site Surveys. Before preparing project Ste sudies, comprehensive information an existing
ste and landscape conditions, in the form of site surveys, shall be obtained or developed and
evauated. These surveys shdl include, but not necessarily be limited to, the following:

a. A topographic survey to include:
1) Theedablished grades of city streets bordering or crossing the Site.

2) Highwater devations, if any part of the Steis subject to flooding from streams,
tides, or surcharge from storm sewers.

3) Dataon exiding trees, plantings, and landscape conditions including location,
identification by common name, diameter of trunk (one foot above ground),
approximate spread of branches, foliage outlines for the edge of woods, ground
elevation at the base of isolated trees, etc.

b. Utility survey to include location and type of utility services crossng or bordering the Site.
A boundary survey should be included to show what, if any, additiona land may be
needed for utility easements, rights-of-way, etc.

c. A survey to evauate the site for the presence of radon in accordance with Departmental
Regulation 1650-3 contact the Radiologica Safety Staff for information on conducting
radon Site surveys.

Site Analysis. After the Site surveys have been completed, athorough andlysis of exiging Site
and landscaping conditions shal be developed as part of the design concept phase. This
andyss shdl include congderation of the following Ste conditions: topography, views and
vidas, traffic patterns (pedestrian and vehicular), noise, permanent ste features, plantings,
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climate, solar orientation, wind conditions, environmental and historical preservation impacts,
and land ownership status, including potential impacts to existing rights-of-way, easements,
etc.
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CHAPTER 3. ARCHITECTURAL ELEMENTS
PART 1. GENERAL

Scope. This chapter provides the genera objectives, considerations, and procedures for
architectural dementsin the desgn of ARS buildings.

Coordination. The architectural design shall be coordinated with other related structurd,
mechanica, and dectrica work. On dteration projects, the A-E shdl make such vigitsto the
gte as are necessary to ensure coordination with existing work.

Basic Requirements. The architecturd design shal comply with gpplicable codes and
standards governing the work and other requirements described in Chapter 1.

Accessibility. Public Law 90-480 requires that Federd buildings, including site work, be
designed to ensure that individuas with physica disabilities will have ready access to, and use
of, such buildings. The ARS requires compliance with the Uniform Federa Accessibility
Standard.

PART 2. SPACE REQUIREMENTS

Scope. Space requirements for a project shall be in compliance with gpplicable Federa
Property Management Regulations as contained in the Program of Requirements (POR). Itis
the respongility of the designer to adhere to the space requirements as contained in the POR,
and to design a project that can be congtructed within the time and budget congtraints.

Building Area Calculations. These shall be defined and computed in accordance with the
American Indtitute of Architects (AlA) Guidelines, Publication D101.

Building Efficiency. Theratio of net to gross area shall be established in the project
management plan or design program. Spaces shall be szed to support the intended function

without wasted footage. Use AIA Guiddines Publication D101 for caculating building
efficiency rdios.

PART 3. EXTERIOR ELEMENTS
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3.3.1 Configuration and Orientation.

a. General. The configuraion and orientation of any new structure shal be carefully
andyzed to make optimum use of dte potentidities and to reduce energy consumption.

b. Reflection to Neighbors. When sdecting highly reflective exterior finishes, the designer
shdl establish whether surrounding structures will be adversdly influenced by increased
solar load and, if so, avoid the adverse impact by properly locating these surfaces.

c. Shading of Neighbors. To the extent dlowed by site condraints, the design shdl be such
that exigting neighboring structures that make use of passve or active solar design shal not
be compromised by the new design.

3.3.2 Roofing.

a. Useof Consultants. Wherever possible, trained in-house personnd shal be employed
to conduct roofing reviews and ingpections. Services of aroofing consultant shal be
utilized only where the roofing system is exceptionaly complex, where unusud problems
are anticipated, or where in-house expertise is not available.

b. Roof Drainage.

1)  Buildingswith nomindly flat roofs shal have the finished roofing sysem doped a
minimum of 1/4-inch per foot to the roof drains. Where controlled flow isa
requirement for sewer hookup, storage shall be provided for the drainage system so
that the roof dope requirement is maintained.

2)  The pattern of roof drains, high points, and dope to drain shdl be indicated on the
roof plan. Roof drains shdl be located &t low points.

3) Roof designsthat require ponding or spraying of water on the roof shall not be used.
3.3.3 Roof-Mounted Equipment.
a. General. Sinceitisapotential source of lesks, roof-mounted equipment shdl be held to

aminimum. Wherever possible, roof penetrations shal be consolidated or grouped
together utilizing a common roof curb flashing platform.
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b. Building Operation Considerations. Permanent access shal be provided to
roof-mounted equipment requiring maintenance. The access shdl be from the building
interior, preferably a permanent stairway or door leading onto the roof from a penthouse
or a higher portion of the building. Where thisis not feasible, a permanently ingaled ship's
ladder to aroof hatch of the counterba anced type shdl be provided. The access shdl be
located in aportion of the building available to operating and maintenance personnd &t all
times. Walkways or duckboards shall be provided on the roof aong routes to and around
equipment requiring maintenance. Where the walkways are close to a vertical drop of 12
inches or more, they shal be provided with handrails to prevent faling.

c. Cooling Towersand Other Equipment. Supports shal not be constructed directly on
the roof membrane. If such equipment must be located on the roof, a supplementary
elevated roof platform shal be constructed to minimize membrane penetrations. The
supplementary platform shdl extend a minimum of 3 feet clear around the perimeter of the
equipment, and permit access to the roof surface below. Penetrations in the roof deck shall
be protected againgt leskage. For exigting buildings, the structura capacity of the exigting
roof structure shal be determined before equipment is redesigned.

3.34 Windowsand Glazing.
a. Safety Considerations.
1) Safety glass shdl be used for glazed doors and sddlights, and other areas adjacent
to, or in, the line of pedestrian traffic. Spandrel glass located above pedestrian areas
shall have adhered backing.

2) Patitionsand exterior fenedtrations that are glazed to the floor line shdl have
protective barriers at push bar height.

b. Energy Considerations.
1) Airinfiltration of exterior glazing systems, whether fixed or operable, shdl be no
greater than 0.20 cfvlinear foot of sash perimeter, per American Society for Testing
and Materials (ASTM) E 263 at astatic pressure of 6.24 psf.

2)  Exterior windows shdl be provided with an internaly controllable shading device.
The type and location of shading system(s) shdl be based on the building exposure
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and tenant occupancy.
3) Theglazing areashdl be coordinated with window/wal heet loss/gain.
3.3.5 Building Entry.

a. Weather Protection. Weather protection for building entry areas shdl be provided by
such methods as building overhangs, entry vestibules, canopies, roof projections, or
recessed doorways.

b. Snow Protection. Designs shdl attempt to minimize the accumulation of snow at building
entrances through use of canopies, overhangs, and other such devices.

c. Entry Vestibules. Entry vedtibules, providing a buffer between the outside and the
building interior by use of doors, shal be provided a each entrance. Revolving doors are
not suitable for reasons of safety, nor are they usable by individuds with physica
disabilities

d. Accessibility. Building entries shdl be accessble by individuds with physical dissbilities
asoutlined in the Uniform Federa Accessibility Standards.

e. Safety and Health Considerations. Exterior entry doors with full height glazed pands
shdl have horizonta push-pull bars.
PART 4. INTERIOR ELEMENTS
34.1 Floors.

a. Acoustical Considerations. Carpet or carpet tile is required in office space designed to
accommodate open-plan or office landscaped space.

b. Maintenance Considerations. To facilitate remova when remodeing or renovation is
necessary, carpeting shall be attached to subgtrate with strippable adhesives, whenever it
isglued. For foam backed carpeting and carpeting with separate pad, use stretch type
ingtdlation.
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3.4.2 Caellings.

a. Ceiling Height. Theminimum clear height, i.e,, vertical distance from floor to lowest
obstruction above, shall be 8 feet; however, there may be other job-related factorsto be
consdered which necessitate a higher ceiling, such as addition of access floor for
computer areas.

b. Fire Safety Considerations. A suspended ceiling is unacceptable as a component of a
fire resgtive floor/cailing assembly. If afirerating is required with sted joist condruction, a
permanent fire resistive membrane must be fixed to the underside of the joists. Approved
designs are illustrated in the Underwriters Laboratories Fire Resistive Directory. If
desired, an additiond finished celling may be suspended below.

c. Maintenance Considerations. Where it is necessary to obtain access to the space
above a suspended ceiling for maintenance work, the celling shdl be fully accessible. No
pand shdl exceed 15 square feet in Sze in order to facilitate remova by one person.

3.4.3 Doors.

a. Dimensions. Except for closat doors, minimum door width shal be 3 feet and minimum
height shal be 6 feet 8 inches. In order to permit future lowering of suspended ceilings,
tops of doors shdl be aminimum of one foot below the calling.

b. Hardware. Unless otherwise required for security reasons, door latches shall not be
provided for toilet doors, allowing the use of push plates, fixed knob, or handle to cause
door swing.

c. Safety and Health Considerations. Interior and exterior doors with full height glazed
pands shal have horizontal push bars. push bars shdl open againgt amaterid other than
glass. Revolving doors shal not be used.

d. Fire Safety Considerations.

1)  Fredoors shdl meet the requirements contained in Nationa Fire Protection
Association (NFPA) Standard No. 80.

2)  Doors, hardware, and frames of fire door assemblies shall bear the labdl of the
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Underwriters Laboratories, Inc., Factory Mutud, or other approved testing
laboratory in accordance with ASTM E 152.

e. Accessibility. Doorsand doorways shdl be accessible by the individuas with physica
disabilities as outlined in the Uniform Federd Accessihility Standards.

3.4.4 Finishes.

a. Paintingand Color.

1) General Work Spaces. Wallswithin work spaces shdl be painted asingle neutra
color. The number of coats shdl be held to a minimum, but must completely cover
the existing subgtrate, and the designer shall consider this factor in sdecting the color.

2) Lighting. Inorder to reduce lighting load, light colors shdl be used for painted and
unpainted surfacesin generd work spaces. Cellings shall have a coefficient of
reflectivity of not less than 75 percent, walls not less than 50 percent, and floors not
less than 20 percent.

b. Draperies. Draperies shadl not be included as part of the construction contract unless
otherwise caled for in the design program or required for architecturaly specidized
spaces.

PART 5. SUPPORT SPACES
3.5.1 ServiceAreas.

a. Définition. Ancillary areas of abuilding that house its maintenance/operationa support
functions.

b. Building Operation.
1) Building service areas shdl be located to best serve their function. Partitionsin such

locations shdl be congtructed of durable easily maintained materias, such as
masonry or concrete.
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2)

3)

Centrdly located service closets and gear roams shdl be provided on each floor as
close as possible to the elevators.

Adequate, easly accessible storage facilities shal be provided for al required
exterior ground maintenance equipmen.

Mechanical Electrical Spaces.

a. Building Operation Consderations. Itisessentid that the building design incorporate
adequate access and space to permit the ingtalation, maintenance, and replacement of
mechanica and electrica equipment.

b. Acoustical Considerations. Effective means must be included in the design to prevent
the transmission of objectionable noise and vibration. Use of acougticd materid in
research laboratories and animal rooms may be restricted or prohibited.

Parking Facilities. For dimensond criteriainvolving maneuvering cearances, and layouts
for interior facilities, refer to the AIA publication "Architectural Graphic Standards.”

PART 6. MISCELLANEOUSARCHITECTURAL ISSUES

Building Accessories.

a. Flagpoles.

1

2)

A ground-mounted flagpole, located at the | eft of the building entrance, shal be
provided for new ARS buildings. Where ground-mounted poles are not feasible, a
roof-mounted poleis permissible; or, if roof mounting is not suitable, an outrigger
pole may be used. Only one flagpole need be provided for a complex of buildings
on acommon ste. Flags are to be displayed on, or near, the main Adminigtration
Building at locations having two or more buildings

Flagpoles shdl be of standard economica design and manufacture.

b. Public Telephones.

1

Provisons for public telephones for building occupants and the public shall be
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located in, or visble from, each public lobby.

2)  For reasons of accessibility, telephone booths are not acceptable; however, recesses
may be provided for telephone shelves.

c. ldentification Signs, Building Directories, and Bulletin Boards. When required by
the project, the identification gns, building directories, and bulletin boards shall be
designed in compliance with the requirements specified in ARS DIRECTIVE 243.2 -
Sgns, Office Identification, Building Directories, and Bulletin Boards.

d. Lightning Protection. All metd flagpoles and meta stacks ether attached to buildings or
free standing shdl be grounded (refer to Section 6.11.4).

3.6.2 Specifying Uncommon Products. In specia laboratory or laboratory support work, it may
be necessary to specify materids or products which are not commonly used and may be hard
to find. In such casesit is permissible to specify the source of the uncommon product by
gtating the supplier's name and address, and trade name of the product subject to the following
conditions.

a.  When more than one source of the uncommon product is found, each source shdl be
named.

b. The project specification shdl contain the following statement: "The use of atrade name and
supplier's name and address in the specification is to indicate a possible source of the product.
The same type of product from other sources shall not be excluded, provided they possess
like physica characteridtics, color, and texture. If the product is from aforeign supplier, it shal
be subject to the Buy AmericaAct.”
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CHAPTER 4. STRUCTURAL AND GEOTECHNICAL ENGINEERING
PART 1. GENERAL

4.1.1 Scope. This chapter provides genera objectives and criteria pertinent to design of structura
elements of buildings erected and maintained by ARS.

4.1.2 Coordination. The sructura design shdl be coordinated with related architecturd,
mechanica, and dectrica work. On dteration projects, the A-E shdl make such vigitsto the
gte as are necessary to ensure coordination with existing work.

4.1.3 Basic Requirements. The structura design shdl comply with gpplicable codes and
standards governing the work and other requirements described in Chapter 1.
PART 2. FOUNDATIONS
421 General.

a. Applicability. This paragraph establishes procedures and criteriato be used for the
andyds and design of foundations for buildings.

b. Procedures.

1) TheArchitect-Engineer (A-E), with the geotechnical consultant, shal prepare
documents to contract for subsurface soil exploration. The scope of work and
related documents must be submitted to the Contracting Officer (CO) for approval.

2) TheA-E shdl submit recommendations for foundation systems based on data
contained in the subsurface investigation report. An economic comparison of the
dternate foundation systems shdl be made and submitted with each tentetive
submission.

3)  After review and gpprova of the design concept by the Engineering Project
Manager (EPM), the A-E shdl prepare the foundation design.

4)  Consultant geotechnica engineering services shall be provided for projects and
related work that require subsurface engineering anayss.
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4.2.2 Subsurfacelnvestigation.

a. The A-E, dong with the geotechnical consultant, shall develop the subsurface investigation
program. The subsurface investigation shal be of sufficient scope to provide the A-E with
adequate information for the design of the foundation system.

b. Soil Borings. Where borings are required, the A-E shdl prepare aboring location plan
and specifications in conformity with requirements of this chepter.

c. Contracting for Subsurface Investigation. Upon written authorization from the CO, the
A-E shdl contract for the subsurface investigation work. The contract shall be awarded
after authority for right of entry onto the property has been issued, and after gpprova by
the CO of the soilsinvestigation contract.

4.2.3 Foundation Design-Concept. The A-E shall prepare a Geotechnica Report on the
subsurface investigation, including the geotechnica consultant's recommendetions for type of
foundation, alowable soil bearing values based on bearing capacity and settlement andysis,
and protection againgt surface and subsurface water. The report shdl be submitted to the CO
for gpproval. The Geotechnica Report shall contain a pro-con evauation of foundation
systems and subsystemns and a cost comparison of each system.

4.2.4 Foundation Design.

a. Basisfor Foundation Design. Foundation design shdl proceed on the basis of the
approved Geotechnica Report. Foundations must satisfy the following requirements:

1)  Ultimate bearing capacity of soils must be sufficiently larger than design loads to
ensure foundation safety.

2) Totd differentid settlements must be sufficiently smdler than settlement tolerance of
the Structure to ensure that the structure will function properly.

3) Effectsof the structure and its construction operation on adjoining property,
buildings, and facilities must be examined and evauated, and protective measures
must be taken.

b. General Requirements.
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1

2)

3)

Foundation.
(@ Footing shdl be located 1 foot below the frost line;

(b) Footings shdl not be located in zones of high volume change due to moisture
fluctuations; and

() Footings shal not bear on soft or uncompacted soils.

Water-table. Thewater table and its fluctuation record should be obtained before
establishing devation of the foundation.

Bracing in seismic area. Individud footings on pile caps shdl be braced to resst
latera forcesin seigmic areain accordance with requirements of the Governing
State/loca building code or Federa standards.

c. Protection and Support of Adjoining Property.

1

2)

L ocal Requirements. Building codes of cities differ in the requirements for the
protection of adjoining property. Loca building codes shdl be checked in each case
to determine where temporary or permanent protection isrequired. When
congtruction of such protection requires access to adjoining property, the CO shal
be notified so that he may, through the ARS Genera Services Division, obtain the

necessary permit.

Sheet Piling, Under pinning, Shoring, and Bracing. The construction contractor
shal design and provide sheet piling, underpinning, shoring, and bracing to protect
banks and sides of excavation, buildings, structures, facilities, and utilities adjacent
thereto against damage, including that from surface drainage. The project
specifications shal be developed to require the construction contractor to conduct a
survey of the condition of adjoining properties, including photographs and records of
prior settlement or cracking of walls, partitions, or floors that may became the
subject of possble damage clams. Before art of construction, a complete survey
report shall be submitted to the CO or designated representetive.

The A-E and his geotechnica consultant shall review design cdculations and
congtruction drawings to ensure that the construction contractor's design and
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construction procedures are safe, and satisfy design criteria and geotechnical
recommendations.

3) Footingson Public Property. Permission shdl be obtained from city authorities
before proceeding to project footings beyond the lot line onto public property.

4.25 Retaining Walls. Retaining wals mugt satisfy independent requirements as follows:

a. To makethe structure safe againg failure by overturning and excessve settlement,
pressure beneath the base must not exceed the alowable soil pressure, and the structure
as awhole must have an adequate factor of safety with respect to diding dong its base or
aong some weak stratum below its base.

b. Theentire sructure, aswdl as each of its parts, must possess adequate strength.
Corresponding pressures and forces provide the basis for checking the ultimate structural
grength at various critica sections.

c. Design Requirements.

1) Exposed faces of retaining walls shdl be baitered 1/2 inch per foot of height to avoid
the gppearance of tilting.

2)  Thebottom of the base of retaining walls on soil shal be below the frost line, but not
less than 2 feet below the finished grade at the exposed face of thewall.

3)  Four-inch diameter weep holes shdl be provided far drainage, placed 6 inches
above the lower grade at the exposed face of the wall, and spaced not more than 15
feet on centers.

4)  Jointsin retaining wals shdl be provided in accordance with the requirements for
reinforced concrete or masonry units laid with mortar.

PART 3. STRUCTURAL SYSTEMS

4.3.1 General. Thedesgn of dructurad systems shdl conform to the following code and standards.
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4.3.2

433

4.3.4

a.  Civil Enginesring Handbook - American Society of Civil Engineers (ASCE)

b. Sewer Design and Construction - ASCE

c. Waste Water Treatment - ASCE

d. Sted Congruction Manual - American Indtitute of Sted Construction (AISE)

e. Timber Congruction Manud - American Ingtitute of Timber Congruction (AITC)
f.  Asphat Paving Manud - Asphdt Ingtitute (Al)

g Asphat Handbook - Al

h. Manud of Uniform Traffic Control Devices - American Nationd Standards Indtitute
(ANSI) D6.1

i.  Building Code Requirements for Reinforced Concrete - American Concrete Ingtitute
(ACI)

Stability. Structures shdl be designed with a laterd-resstant system to meet stability
requirements that conform to recognized engineering principles. Design tability shal provide
resstance againg diding, uplift forces, and overturning moments caused by wind, gravity, and
saigmic forces. Choice of resstant system shdl be made by comparing rigidity of horizonta
elements (floors and roof) with that of vertica dements (frame and walls).

Overall Considerations. The optimum structural system for a given gpplication is one that
will satisfy functiona and architectura requirements of the finished structure a minimum cost.
Consderation shal be given to future uses of the Structure, possibility of dterations,
maintenance cogts, and ease of demoalition of temporary structures or dismantling of portable
dructures. Preferred systems utilize materid efficiently, provide maximum usable space,
minimize use of gpecia equipment, and can be congtructed by following conventiond
procedures.

Selection Factors. A cost study of various structura systems shdl be performed and
submitted to the Engineering Project Manager (EPM) for gpprovad.
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Use materids, sizes, or shapesreadily avalable.

Sdect materids in consonance with the fire rating requirements of the structure.

Use materias and construction methods familiar to local 1abor.

Modular Design. Coordinate modular design features with architectura requirements
favoring repetition of units. Beam depths and spacing, column spacing, floor heights,
locations of openings, and clearance are typical considerations.

Wall Bearing Versus Framed Structures. Before salecting the type of framing system,
determine if the structure isto be wall bearing or framed. Weigh the following factors.

Factor

Height of structure

Wl Openings
Shock and seismic

loads

Santing
condtruction

Structural
materids

Comments

Wall bearing congtruction usudly islimited to low-rise
structures.

Framed structures are desirable where building walls
are pierced by many openings.

Wall bearing structures are desirable for seigmic loads,
if intersecting cross walls are provided and if walls,
floors, and roofs are rigidly connected. If the above
provisions cannot be met, framed structures are
preferable.

Wall bearing structures, subject to above
limitations, are inherently shock-resstant,
suitable for danting congtruction.

Structures utilizing masonry wals and timber

framing are more readily adaptable for wall bearing
congtruction than reinforced concrete or stedl framed
structures.
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44.1

4.4.2

4.4.3
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PART 4. EQUIPMENT SUPPORTS

Design L oads. The recommended design live loads shdl be in accordance with governing
code requirements for intended functiond use.

L oads. Incresse live loadsto provide for the impact alowance for reciprocating and rotating
machinery.

a. Torqueloads. Torqueloadsare produced by magnetic reactions of eectric motors and
generators which tend to retard rotation. Usefive time normd torque in the design of the
supporting members.

7,040 (kw

b. Inertia Forces. When computing load requirements and equipment supports, consider
effects of inertia forces created by reciprocating notion or unbalanced rotating parts.

Vibration. Supports for high-speed machinery having heavy vibrationa tendency, such as
turbogenerators, turbine-driven or motor-driven plops and fans, and motor generators, shall be
designed to reduce vibration to a minimum.

a. Deflections. Design beams or girders supporting machines so that maximum deflection
will be within accepted limits (impact included), with the span taken as the distance,
center-to-center, of columns and ends considered as supported without restraint. The
gructure shall be designed so that a horizonta transverse force, equa to one-haf of the
weight of the machine, applied at the leve of the shaft, will not produce a horizontal
deflection greater than 1/50 of an inch at the base of the machine.

b. Isolation. Congder use of vibration and shock isolators to reduce magnitude of the force
transmitted to supports for the machinery. Consider use of vibration abosorbers whereit is
required to eiminate vibration of supporting structure.

Foundation Considerations. Foundations for vibrating machinery require careful
congderation.
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451

4.5.2

a. Foundation Weight. Minimum weight of the foundation shal be 1.5 times the weight of
vibrating machinery. In determining required foundation weight, consder proportion of the
weight of roteting or reciproceting part of the machine to total machine weight and
restrictions on laterd movement of the foundation.

b. Isolation of Foundationsfor Vibrating Machinery. Foundationsfor heavy machinery
shdl be completely isolated from foundations and floors of buildings. The gap between
machine foundation and other congtruction shdl be at least oneinch. Thisgap shdl be
maintained dear or filled with a soft caulking meterid. The bottom of the machine
foundation shal not be above foundations of neighboring buildings.

PART 5. ARCHITECTURAL-STRUCTURAL INTERACTION

Drift. Laterd deflection of abuilding under wind or seismic loading shall be such so asto
preclude creating discomfort for occupants or damage to the superstructure. Specifically,
when laterd stability is afforded by moment-ressting framing, deflections of frames must be
alowed to occur by providing tangible connections between masonry walls and concrete
columns, walls, or beams. Thisform of construction shall aso be consdered where tall
flexible shear walls are utilized in multistory buildings to obtain latera gability. The
Architect-Engineer (A-E) shal develop supporting caculations to verify acceptable building
response under laterd loading, and shadl follow the process of designing a high-rise building as
outlined below.

a. Edablish criteriafor minimum laterd stiffness, supported by an established authority.
b. Find the geometry that resultsin the least materid to safely sustain stresses.

Anchoring Exterior Walls. Anchoring or bonding of exterior wall e ements, such asfacing
stones or brick veneer, cornices, copings, precast panels, and ornamental features, shdl be
designed to ensure adequate support for such eements. Anchoring or bonding system shal be
jointly developed by the architect and the structura engineer. Provision shdl be made for the
following:

a. Capacity. The sysem shdl take into account weight of the eement itsdlf plus loading due

to wind, earthquake, or blast for which the structure was designed, construction
tolerances, and loadings induced by erection process.
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4.5.3
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4.5.6

4.5.7

4.5.8

4.5.9

4.6.1

b. Movement. The sysem shal be designed to permit anticipated movement of the element
due to thermal expansion, moisture expansion, and deflection or creep of supports.

Nonstructural Partitions. These shdl be designed and constructed to remain stable and to
function compatibly with the building. Walls and partitions for interior space
compartmentaization shall not be used inadvertently as structural components because of
insufficient allowances for assumed or actua deformation of building structure.

Curtain Walls. Curtain walls and exterior nonstructural enclosures shall be designed and
congtructed with suitable support and anchoring systems to function compatibly with the rest of
the building.

Floor and Celling Details. Attention shall be given to type of floor covering and finishes,
and to type and location of ceilings to establish correct measurements and location of structura
system. Sufficient information shdl be provided in contract documents by the structura
engineer to convey construction requirements.

Cladding and Insulation. Type, location, and thickness of cladding and insulation to be used
separaey or together shal be coordinated with design and construction requirements.
Adequate support and anchoring shal be designed for cladding and insulation.

Stairwells. Design and congtruction of stairwells shdl be consstent with maintaining structura
integrity and stability of stairwells and building frames. Requirements for enclosing sairwells
shall be addressed in design phases.
Glass and Glazing Details. The structura engineer shal provide satisfactory design systems
incorporating glass and glazing details to be usad in the building. Their adequacy to withstand
actual and assumed forces shdl be considered by the structura engineer. Coordinate
structurd requirements with the architect.
Water proofing. Attention shal be given to requirements for the type, location, and extent of
waterproofing which shall be consstent with the requirements of the building structure.

PART 6. REPAIR AND ALTERATION

Applicability. Provisons of this part cover extension, renovation, repair, and dteration of
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4.6.2

exigting buildings and structures.

Design Requirements. The A-E shdl be responsble for gathering information necessary to
execute the professond services contract. The project may require the following functions to
be performed.

a. Existing Drawings. Congtruction or as-built drawings shall be reviewed and data shown

thereon shal be verified by fidld observations and measurements, before the informetion is
used to develop anew design.

. Subsoil Investigation. The A-E shdl gppraise existing subsoil information; shall

determine the extent of additiond subsurface investigation required; and shal submit
proposed foundation design concept based on review of new or exigting subsurface
information.

Exploratory field work.

1) Intheabsence of origind contract documents, or when information is required to
define in-place congtruction, the structurd engineer shdl determine the nature,
location, and extent of exploratory field work.

2)  Chemica analys's may be used as ameans of establishing procedures for welding to
older ged framing.

3) The Magneto-inductive method (reinforcing bar detector) may be used to determine
sze and location of reinforcing in the concrete members.

. Structural Calculations. A decison to use existing structure for purposes not originaly

intended shal be supported by structurd caculations for affected framing dements.
Cdculations may reflect current design approaches such aslive load reduction factors and
unit loads for various occupancies. Careful judgment, supported by necessary testing,
shdl be exercised as to whether the usefulness of deteriorating members can be effectively
extended.

4.6.3 FireSafety. For extensonsto buildings, the fire-resstant rating of exigting structure shal be

upgraded to conform to current fire safety criteria. If thisis not feasible, fire wal separation
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4.6.4

4.6.5

4.6.6

4.6.7

may be required to isolate new from existing areas. 1n no case shal amgor ateration reduce
the fire-resstant rating of the building below that afforded by the origind structure.

Foundations. The ability of new foundations to support new construction adjacent to old
congiruction must be carefully considered. Where siress applied to the soil may cause
consolidation of the sail, the architect-engineer shal etablish initia floor eevationsto
accommodate anticipated vertical movement so that find adjacent surfaces in connecting halls
and passageways are at or near the same devation. The effect of construction operations on
exiging structure, such as pile driving, shal be recognized and guarded againgt. An estimate of
settlement anticipated, supported by caculaions, shal be included with the submittal by the
A-E. Use of reduced dlowable bearing pressures for spread foundations, or use of
foundations such as caissons or piles, for new construction may reduce differentia settlement
between old and new structures. Preloading of the site may aso be considered, provided it
does not adversdly affect the old congtruction. To dlow for possble differential settlement
between new and old construction, use of expansion joints may also be investigated.

Connection to Exigting Framing. Contract documents shal clearly ddlineste aspects of
condruction that require specid atention. Following isa partid list of itemsthat shdl be
covered:

a. Exiging sted framing shdl be adequately shored and braced if extensve welding isto be
made thereto.

b. When holes or expanson shidds are to be inddled in exigting concrete framing eements,
extreme care shd| be exercised to avoid cutting or damaging main reinforcement. The
Magneto-inductive method (reinforcing bar detector) may be a useful tool to determine the
location of the reinforcement.

c. If aspecid sequenceis essentid for the successful completion of congruction, it shall be
clearly defined in the drawings and specifications.

Contract Documents. These shdl be developed in amanner that will clearly indicate the
work to be performed. In addition, a system shall be devised that will clearly differentiate
between new and exigting congruction; and will define the limits of the contract.

Wind and Seismic Designs. Often, congruction details of older buildings are not consistent
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with current criteriafor wind or seismic loading. Therefore, careful judgment (supported by
gructurd cdculations) shdl be used to determine whether the new and exigting unit should be
separated, or tied together to make them respond in unison. The latter approach isreserved
for low, light structures where connections can be devised that will satisfactorily transmit
interna stresses. The tendency of adjoining structures to sway out of phase shdl be
consdered in establishing the width of separation or the adequacy of the structural connection
between them. In establishing requirements for an earthquiake joint, the A-E shal consider
whether it is satisfactory to make the joint width twice that of the Satic drift of the structure.
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5.1.4

5.15

CHAPTER 5. MECHANICAL
PART 1. GENERAL

Scope. This chapter provides genera objectives and criteria for designing mechanica
systems.

Coordination. The mechanical design shal be coordinated with project related architecturd,
sructura, and dectrica work. On dteration projects, the A-E shall make such visitsto the
gte as are necessary to ensure coordination with existing work.

Basic Requirements. The mechanica design (i.e., HVAC, plumbing, and fire protection)
shal comply with applicable codes and standards governing the work and other requirements
described in Chapter 1.

Economic Design. Mechanicd systems shal be designed to permit acceptable competitive
bids. Equipment and systems shdl be efficient, functiona, and economica in congtruction,
operation, and maintenance,

a  TheA-E shdl consder the requirements for HVAC on an integrated basis when
performing an economic andys's comparing viable energy efficient sysems. A minimum of
two dternative systems in addition to the base system shall be considered.

b. Itisthe policy of ARSthat the use of variable air volume (VAV) systems be confined to
adminigrative and support aress of buildings where air balance and room pressure
relaionships are not critica factors. However, VAV systems may be used in laboratory
gpaces with SHPS concurrence.

Accessibility.

a. Accessto Machines and Equipment. Clearance shdl be provided around machines
and equipment for remova of parts for repair or replacement. An average Size person
should have ready accessto any component requiring servicing. Door or window
openings, removable pandsin building walls and corridors shal be arranged so thet large
machine or equipment parts or sections can be removed and replaced without structural
changes or movement of other equipment. The A-E shdl arrange to provide openings and
passageways of sufficient size to permit use of standard equipment. Where thisis not
possible, dimengons of the limiting openings shdl be clearly shown on drawings, or
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specified. Particular attention shall be given to equipment such as boilers, large tanks,
refrigerating machines, condensers, switchgear, and transformers.

b. PartsHandling. Suitable means shdl be provided for lifting and moving cooler and
condenser heads, fan sheaves, pump casings, strainer covers, motors, gear boxes,
compressor casings, and Smilar parts weighing over 50 pounds. Type of lifting equipment
used in each case must be determined on the basis of the number of machinesin a group,
size and weight of parts, accessibility, and probably frequency of use.

c. Overhead Equipment.

1) Cawaks, ladders, chain wheds, etc. shal be provided, asrequired, in high machine
rooms. Overhead piping and equipment in high rooms shdl, where possble, be
arranged to permit grouping the maximum number of vaves and other operating
devices within reach of a short platform, catwalk, ladder, etc., or to permit orderly
grouping of valve chains where they will not be hazardous obstructions.

2)  Doors of pandsshal be provided for access to valves or other equipment (requiring
periodic examination) above suspended ceilings. If, for architecturd or other vaid
reasons, such access cannot be used, provide either:

(@ Cawalks above the suspended cellings, or
(b) Conceded ladderslocated in closets or other suitable spaces.
3) Water linesto equipment shdl not be indtalled over dectrica pands.
5.1.6 Environmental Controls.
a. Mechanicd systems, including those powered by fud at the Site, shal be designed to meet
applicable Federd, State, and local requirements for abatement and control of air and

water pollution, and noise control.

b. Intheevent of adifference between Federal, State, or loca requirements, the most
gringent shdl gpply.
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5.2.2

5.2.3

PART 2. PLUMBING

Scope. This part dedls with plumbing requirements for new buildings, repair and dteration
projects, and incorporated in such buildings.

General Requirements.

a

C.

d.

Work shdl be designed to comply with the following requirements as a minimum:
1) Nationa Plumbing Code (NPC)
2)  American Gas Association (AGA), Nationa Fuel Gas Code

3) Ameican Society of Heeting, Refrigerating, and Air-Conditioning Engineers
(ASHRAE), Service Water Hegting

4)  Food Service Sanitation Manua FDA 28-2081 (1976)

Devidions from the above to comply with requirements, regulations, and codes of local
authorities shdl be consdered in designing the system.

Completely independent sanitary and storm systems shall be provided.

Thermd insulaion for plumbing shdl be provided as appropriate.

Fixture Requirements.

a

b.

Fixtures shal be water conserving type.

For dteration projects in the same toilet rooms or areas, fixtures should match existing
fixturesif possble.

Criteriafor Determining Number of Plumbing Fixtures.
1) Based on Number of Persons. To determine toilet facilities, number of personsin

the area served by each toilet room shall be used if known; otherwise, estimates shall
be based on one person for each 150 square feet of new office spacein the
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proportion of 50 percent men to 50 percent women.

2)  Number Required. Unless otherwise required by contract or programming data,
number of fixturesin each toilet room shal conform to the figure below.

Number of Men or Men Women

Women Per Toilet Water Lava Water Lavar

Room Clossts  Urinds tories Closets  tories
1-8 1 1 1 2 1
9-24 2 1 1 2 2
25-36 2 1 2 3 2
37-56 3 2 2 4 3
57-75 4 2 2 5 4
76-96 4 2 3 6 4
97-119 5 2 3 7 5
120-134 6 3 4 8 5

3)  Since number of toilet roomsis based on convenience, it is obvious that the total
number of fixtures per occupant will vary widely with building configuration. After
initid selection, number of fixtures per room should be adjusted downward for
economy.

4) Handicapped Facilities. One of each type of plumbing fixture suitable for use by
individuas with physica disabilities shdl be provided in each public toilet room (men
- one lavatory, one water closet, and one urinal; women - one lavatory and one
water closet).

5.24 Water Coolersand Drinking Fountains

a General. Chilled drinking water when required shal be provided in buildings a 55° F
during occupied hours with centralized controls to turn the system (or each unit) off during
unoccupied hours. Drinking weater station shdl be provided to or near toilet rooms and
shall not be provided in entrance lobbies, or where hazardous materias are sored. A
separate isolated line shall be ingtalled when drinking water is provided in laboratory aress.
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Drinking water sation shdl be suitable for use by individuas with physica disghilities.
Specid requirements shal be as outlined in uniform Federa Accessibility Standards.

b. Typeof System. Water shal be chilled by standard packaged sdlf-contained drinking
water units (electric water coolers). A central water chilling plant to supply chilled drinking
water to fountains a various locations may be considered if cost effective.

5.25 Floor Drains.

a. General. Hoor drainsshdl beingaled in boiler rooms, mechanica equipment rooms,
kitchen and dishwashing aress, garages, and smilar areas. Hoor drains shal not be
inddled in certain areas where possibility of spills of harmful chemicas and like materias
exig.

b. Trapsfor Floor Drains. Floor drains shal be provided with individud trgps. Provison
for automatic primers shdl be made to ensure that traps for floor drains connected to

sanitary sewers are sedled. Specid trap depths are required for containment laboratories
and anima rooms.

5.2.6 Sanitary System.
a. FixtureElevations.

1) Each plumbing fixture and floor drain shdl be ingaled so that the invert to the trgp is not
less than 3 feet above the top of the sewer into which it discharges.

2)  Where plumbing fixtures cannot be ingaled as required in 1) above, automatic sawage
gector system shall be provided.

b. Cleanouts. Refer to NPC. Where adeanout will interfere with architectura finish of aroom, a
finished brass cover shdl be ingdled over the cleanoit.

c. SewageEjectors.
1) General. These shdl not be used if other methods can be employed to dlow gravity flow.

If feasible, locate toilet facilities on an upper floor to avoid the use of a sewage gector.
Where gectors are required, only lower floor facilities shal drain to gectors. Upper floor
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fecilities shal drain by gravity to the main sewer.

2) Typesof Ejectors. Duplex sewage pumps shdl beingtdled. Pumps shal be non-clog,
screenless gector type, with each discharge not less than 4 inches. The type that alows
liquids only to flow into the basin, with solids retained in a sirainer located in the pump
discharge line, or the pneumatic type, should be used where required.

d. Special Wastes.

1) Acid Wastes. Separate drainage and vent systems for acid wastes shall be of the
corrosion-resistant materid.

2) Neutralizing Devicefor Corrosive Wastes. Corrosive liquids, spent acids, or other
harmful chemicas that might destroy or injure adrain or vent pipe, or create noxious or
toxic fumes, or interfere with sewage trestment processes, shdl be thoroughly diluted,
neutraized, or trested. A properly constructed and acceptable dilution or neutrdizing
device shall be provided. Depending on type of trestment required, this device shdl be
provided with either, or both, an automatic supply of diluting water, or aneutraizing
medium, SO as to make its contents noninjurious before discharge to the drainage system.
Discharge of corrosive and method of treatment shall be coordinated with and approved
by local code authorities. Specia isolation and sedling are required for contained
mechanica equipment and devicesin laboratories, anima rooms, greenhouses, etc.

5.27 Storm Water Drains.

a. Roof drains shal be located in areas where deflection of the roofing system occurs, rather than
above or near columns. Locations shal be coordinated with architectural requirements.

b. Provide cleanoutsin storm weter lines, as required, for sanitary drain lines.

5.2.8 Water Supply System.
a Wate Treatment.

1) Chemical Analysis. A chemicd andyss of the water supply must dways be obtained.
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2)

Softeners. Treatment of cold water is usudly not necessary where water is obtained from
amunicipdity or from a corporation. Water softeners shal beindaled, if required, for
treatment of water supplied to water heaters or boilers. For large boiler plants, an
extensve study and treatment system will be required. Water softeners shdl beingdled in
strict accordance with instructions from the manufacturer and applicable codes.

b. Water Piping Materials. Loca engineers and water company officids should be consulted
regarding the performance of different kinds of pipein a particular locdity. Where pipes of
incompetible materids are joined, didectric couplings shal be provided.

C.

Water Pressures Required.

1

2)

3)

Fixtures. Minimum water pressure required on the top floor of a building is 15 ps at the
maost remote plumbing fixture, except blow-out type water closats and urinas, which
require 25 ps.

Fire Sprinkler and Standpipe Systems. Refer to the latest NFPA Codes and standards
for requirements.

Types of Systemsto be Used. When Street pressures are not adequate to maintain
pressures indicated above, provide a booster pump, a pneumatic system, a constant
pressure, or amaintained pressure pumping system.

Service Pipe. Inlarge buildings, two sources of water supply from different mains are desirable.
Sarvice lines mugt enter the building in an accessble location. They must never enter fud rooms,

storage rooms, switchgear rooms, or transformer vaults. A swing typejoint shal be provided for
asavice line d its entrance to the building.

Interior Water Piping.

1

2)

Backflow Protection of Water Piping Systems. Water distribution systems shall be
protected againgt backflow (the flow of water or other liquidsinto distributing pipes from a
source or sources other than the intended source). Refer to latest NPC edition for
requirements.

Pressure-reducing Valves. Vave shdl be ingaled on the domestic water mains or
branches where a pressure in excess of 70 ps may be expected. A valved bypass, one
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f.

pipe size smdler than the main sze, shall be provided around pressure-reducing valves.
The vave in the bypass shdl be of the globe pattern. Specifications shdl sete theinitid
pressure, required flow, and final pressure.

Valves.

1

2)

3)

4)

L ocation. Locations and types of vaves must be shown on drawings and must be
accessible, identified with suitable markers.

On Mains. Vaves shdl be ingtalled on cold weter, hot water, and hot water return
circulating mains so that sections of mains may be shut off without disturbing the servicesto
other parts of the building. In addition, a valve shdl be provided on the main supply &t its
entrance to the building and on the inlets and outlets of mechanica equipment requiring
water connections.

On Branch Connections. A shut off vave located close to the main shal beingaled on
each branch connection off the main serving more than one fixture. Vaves shdl be
provided at the base of risers.

Additional Valves. A vave shdl be ingtdled on the supply to each toilet room where the
riser supplies more than one toilet room, and on the connection to each wall hydrant and
lawn faucet. Drain valves with hose ends shdl be provided a the low points of systems
and at the base of risers.

Sizing of Piping. Refer to the latest NPC edition.

Domestic Hot W ater.

1

2)

3)

General. Equipment shdl be automatically controlled and shdl have sufficient capacity to
ddiver aminimum of 105° F water. Provide centraized controls to turn equipment off
during unoccupied hours,

Type of Heater. Fud or energy selected for water heating shal be determined by
availability and cost. Type selected may be steam, gas, ail, dectricity, solar, or centra
dation steam.

Sizing of Heaters. Should be in agreement with the latest ASHRAE Handbook.
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4)

5)

Requirementsfor Kitchen-Cafeteriasand Special Areas. A separate domestic
water heating system shall be provided to supply high temperature water requirements of
cafeteria equipment. Controls shal be provided to turn off equipment during unoccupied
hours. Chemical sanitation methods approved by FDA may aso be used which reduce
water temperature requirements to 140° F. Similar systems shall be used for specid aress,
such as photo labs.

Circulating Piping (Hot Water).

a Hot Water Supply Piping. Return circulating pipes shdl be ingdled where the
length of hot water supply piping exceeds 100 feet.

b) Hot Water Equipment. The main circulating line of hot water equipment shal be
provided with gate valves, check valves, aguastat, and circulating pump. Provide
automeatic controls to turn off circulating pump when building is unoccupied.

|. FireProtection Systems.

1

2)

Coordination. Plumbing systems shdl be coordinated with requirements of fire protection
systems, which may include automeatic sprinkler systems, fire pumps, fire standpipes, fire
hydrants, mains, water tanks, or fire department connections.

Potability. Extreme care shall be taken to ensure that potable water for the domestic
sysem is maintained. Design shdl require safety precautions, such as backflow preventers
and other safety devices, to protect the domestic water system when cross-connections
are made with other systems.

5.2.9 GasPiping.

a. Design.

1

2)

Standards. Gas piping shall be designed using the latest edition of NFPA Standard No.
54 and ANSO Z 223.1, National Fuel Gas Code.

Objectionable L ocations. Gas piping shal not be run in trenches, tunnds, furred callings,

or other confined spaces where leaking gas might collect and cause an explosion.
Underground piping in buildings and above ground in areas subject to fires, such astrash
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531

532

5.3.3

3)

rooms, shall be avoided.

Point of Entry. Gas piping entering the building shall be protected against the possibility
of breakage due to vehicular traffic, settling, or vibration. Where safe and practicd, the
pipe should be brought in above grade and provided with a swing joint before entering the
building.

b. Ventilation.

1

2)

Gas meter rooms and places containing major gas-supplied equipment, such as gas-fired
boilers, gas-engine emergency generators, or other equipment using large quantities of gas,
shdll be ventilated to ensure removad or lesking ges.

When mgjor gas-supplied equipment such as gas-fired boilers or a gas engine emergency
generator, using large quantities of gas, islocated on upper floors or on the roof of a
building, gas supply piping shal be located outside the building or in a separate two-hour,
fire-res stant shaft vented at the top and bottom to the outside so as to prevent leaked gas
from accumulating in the shaft, or penetrate other portions of the building.

PART 3. FIRE SAFETY

Scope. This part deds with building fire safety criteriarelated to mechanica systems.

General Requirements. The requirements of the latest edition of nationd fire codes published by
the Nationa Fire Prevention Association (NFPA) shall be used as criteria.

Fire Extinguishing/Suppr essing Systems.

a. Fire Department Connection. At least one fire department connection shall be provided for
buildings that have sprinkler systems, standpipe systems, or verticd fire main systems.
Standpipes and sprinkler systems shd| be interconnected when possible so that each fire
department connection will serve dl fire protection needs Smultaneoudly.

b.

Automatic Sprinkler Protection. Automatic sprinkler protection shal follow the requirements
of the Nationd Fire Codes published by the NFPA. The sprinkler- standpipe system shdll be
designed as a separate system.
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c. Interior FireMain System. A vertica fire main sysem shal be provided in buildings &t least
three stories above grade. If the building is sprinklered, the system shal supply both automatic
sprinklers and manud fire fighting hose outlets.

PART 4. HEATING, VENTILATION, AND AIR-CONDITIONING (HVAC)

5.4.1 Scope. Thispart dedswith heating, ventilation, and air-conditioning systems, energy conservation,
and design procedures. Coordination with other criteriaiis required.

5.4.2 General Requirements.

a. Work generdly shdl be designed to comply with the following latest codes and standards, which
shdl be consdered the minimum for design of mechanicd systems.

1)

2)
3)
4)
5)
6)
7)
8)
9)
10)
11)
12)
13)
14)
15)
16)

American Society of Heating, Refrigeration, and Air-Conditioning Engineers, Inc.
(ASHRAE) Guides, Databooks, and Standards.

American Society of Mechanicd Engineers (ASME).

National Fire Protection Association (NFPA).

American Gas Asociation (AGA).

Sheet Metd and Air Conditioning Contractors National Association, Inc. (SMACNA).
American National Standards Ingtitute (ANS)).

American Society for Testing and Materias (ASTM).

Air Moving and Conditioning Association, Inc. (AMCA).

American Conference of Governmentd Indudtrid Hygienigts.

ARS Laboratory Chemical Fume Hoods Standards - Manual 232.1.

Instrument Society of America (1SA).

Nationa Bureau of Standards (NBS).

National Electrical Code (NEC).

National Electricad Manufacturers Association (NEMA).

Scientific Apparatus Makers Association (SAMA).

Uniform Building Code (UBC).

b. Deviations from the above codes to comply with Agriculturd Research Service (ARS)
requirements, regulations, and codes of loca authorities shall be applied in the design of
mechanicd systems.
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c. Hesting, ventilation, and air-conditioning systems shdl be designed so that fire safety systems,
such as smoke control systems, sprinkler systems, etc. are separate from each other. HVAC
duct and piping systems shall aso be separated from fire safety systems.

5.4.3 Design Criteria.

a. General. Comfort conditionsto be maintained in abuilding are dry-bulb temperature and
relative humidity, 3 to 5 feet above the floor. Designed indoor temperature will vary with the
activity and intended use of the building. The A-E shdl utilize his professona knowledge and
expertise to identify those instances where ASHRAE Design Standards may not be appropriate
for the researcher's needs. This sengtivity to researcher's needsis critica to the success of this
design.

b. Outdoor Design Conditions. Base outdoor design conditions for heeting and cooling on the
ASHRAE Handbook of Fundamentas. For normal temperature/ humidity control, the 99
percent column for heeting and the 1 percent column dry-bulb temperature, with its
corresponding mean coincident wet-bulb temperature for cooling, shall be used.

c. Indoor Design Conditions. Unless otherwise specified in the project Program of
Requirements, the following conditions shal be used to calculate loads and size of equipment:

1) Generd office space and laboratories

Cooling 76° F DB and 50% RH
Heeting 70° F DB

2)  Computer Rooms'Y ear-Round, 72°F and 40% RH.

5.4.4 HVAC Design Coordination. HVAC design shall be coordinated with other facets of
congruction. The following factors require specia consideration.

a. Architectural Elements.
1) Mechanical Equipment Rooms. Rooms shdl provide adequate space for equipment
ingalation and maintenance. If expansion is planned, the size shdl be based on future

requirements. Equipment removal access shal be provided where required. Proper
location of these spaces is necessary for economica air and water distribution,
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2)

3)

4)

5)

6)

Shafts. Size and location of shafts for ductwork and pipes shall be checked before
ductwork and piping system design. Effects of shaft location on mechanica equipment and
digribution systems shdl be carefully determined.

Louvers. Location and size of outdoor air intake, relief air discharge, and exhaust air
discharge louvers shdl be coordinated with the architectural design. Outdoor air intakes
shdll belocated so asto avoid intake of dust, smoke, and exhaust air.

Cooling Tower Location. Tower shdl be located so asto be least obvious and, if
possible, a ground level. Discharge at low levels, or where it may come in contact with
buildings, shdl be avoided.

Access. Location and size of control panedls, and the type of service and maintenance a
facility requires, shdl be coordinated with the architecturd design to alow personnel
access to an area or to a piece of equipment.

Window/Wall. The design of window/wall shdl be evauated by the mechanica engineer
to achieve comfort levels and energy conservation requirements.

b. Structural Elements.

1

2)

3)

4)

Foundations. a) Dead weight of equipment in operating conditions, b) dynamic weight of
reciprocating or vibrating equipment, ¢) size and type of equipment bases, and d) load
distribution on the equipment bases.

Wind Forces. Design of outdoor equipment, such as cooling towers, stacks, and their
supports, shal be based on the maximum wind velocities prevaent at the Ste. Exterior
mechanica equipment shdl be anchored, braced or guyed to withstand the prevailing wind
velocity.

Seismic Considerations. If Steis subject to earthquakes, design of equipment
(especidly outdoor cooling towers and water tanks), piping systems, ductwork, and
foundations shdl include suitable alowance for horizonta forces

L ocation.

ad  Equipment shal belocated to transfer the weight directly to main structural members,
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girders, or columns, preferably columns.

b) Weight of equipment to be used shdl be determined in relation to platforms, sairs,
and elevators.

5) Pipe Supports. The following shal be determined before designing asystem: a) weight of
risers, including water column and unsupported pipe; b) laterd thrust due to expansion
joints; ¢) dynamic forces a bends; and d) location and types of supports.

6) Opening Through Structural Members. Size and location of openings through
structural members shall be based on the following factors: &) outside diameter of pipes or
ducts, inclusive of any flange and insulation; b) standard length of pipe or duct between
joints; and c) direction and extent of pitch for pipes.

5.4.5 Design Calculations.

a 1) Information Required for Calculations. Caculations require information on building
location, building envelope detalls, heat producing devices to be used in the building, and
on building operation. Tables 5-1 through 5-4 list the information required.

2) Infiltration Consderation.

a  Exterior Doorsand Windows. Infiltration through doors, windows, and cracks
around windows and doors shdl be accounted for in design calculations. For design
congderations the ASHRAE fundamentals handbook shal be consulted.

b) Exterior Walls. Infiltration through exterior walls shal be accounted for in design
cdculations. For design consderations, the ASHRAE fundamenta's handbook shdll
be consulted.

c) AreasUnder Negative Pressure. For rooms mantained under negetive pressure,
infiltration shal equa the difference between amount of air exhausted and amount of
ar supplied.

b. Hesat losses shdl be caculated in BTU per hour. Hest transfer coefficients shall be taken from

the ASHRAE Handbook of Fundamentas. Infiltration shall be caculated by the ASHRAE
crack method. Unless otherwise specified in the project POR, heating load caculations shall be
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based on insde design condition of 70° dry-bulb. The hesting plant shall be sized based on the
caculated block heating load (space and process) plus an dlowance of 20 percent extra

capacity.

C. Heat gansshdl be caculated in BTU per hour. Hest transfer coefficients shdl be taken from the
ASHRAE Handbook of Fundamentals. Unless otherwise specified in the project POR, cooling
load caculations shdl be based on insde design conditions of 76° F dry-bulb and 50 percent
RH. Therefrigerating plant shall be sized based on the calculated block cooling load plus an
alowance of 20 percent extra capacity.

d. Cdculate maximum load, sensble hest factor (SHF), and supply air required for each room or
bay, based on the following:

1) Solargan.
2)  Lighting heat gain on wattage ingtalled.
3) Heat gain from heat generating equipment (motors, computers, etc.) released to space.

4)  One person per 125 square feet net area (office space only), if occupancy of spaceis
unknown.

5)  Include heat gain from fans and ducts between cooling coils and rooms served, unless
considered elsawhere.

6) Latent heat loads must include occupants, food and miscellaneous moisture-releasing
equipment, such as steam tables, coffee urns, etc.

7) 10 percent safety factor.

8) Totd ar quantity assgned to each room, bay, or zone depends on its sensible heat load or
hood exhaugt requirements (whichever is greater). Termind temperature differentia
selected shall not exceed 20° F conggtent with psychrometric requirements, celling height,
and method of ar digtribution.

e. Cdculations shal be recorded in a standard format to permit checking and to provide a
reference for system modification. Design caculations shal include, but not be limited to, indoor
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and outdoor temperature, heat loss, heat gain, supply and exhaust ventilation requirements,
humidification or dehumidification requirements, and heat recovered.

1) Hesting system capacity shal be based on norma demand rather than load connected
totd. Where a hegting plant is utilized for loads that are not smultaneous (building heeting,
kitchen equipment, domestic hot water and process), the system shadl be analyzed for
connected, normal demand, and off-peak condition.

2)  Individud termind heating equipment shal be capable of supplying maximum load for the
period required without adverse effects.

TABLE 5-1
LOCATION CONSIDERATIONS REQUIRED FOR DESIGN CALCULATIONS

Condderations Factors I nformation Required
Geographicd.............. Geographica location Latitude, longitude, and
atitude
Facility orientetion Dedlination of the
north/south axis of the

facility from true north.

Climatic conditions Temperatures. dry-bulb,
wet bulb, mean coincident
wet bulb, and mean daily
range. Prevailingwind
direction and mean wind
Speed

Environmentd............. Reflecting surface Size, nature, and
location of reflective
surfaces a or near the
gte.
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BUILDING DETAIL CONSIDERATIONS REQUIRED FOR DESIGN CALCULATIONS

Condgderations

Construction Detalils.

Atmosphere

Locd labor and
materia accesshility

Standard, regulations,
and codes

TABLE 5-2

Factors
Operetion and mainten-
ance andyss

Project drawings

Structura dements

Seismic condderations
building expansion,
and settlement

Exterior wdls and
roof
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Scaling or corrosion
properties of atmospheric
contaminants.

Availability and cost of
civilian labor and
materids. The avallable
transport and access
fadilities

The applicable standards
regulations, and codes.

I nformation Required

Type of congtruction and
economic life.

Plans, devations,
actions and details.

Physicd location and
sze of gructurd
eements.

L ocation, expected move-
ment, and settlement
of joints.

Condtruction details,
color, and insulation.
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Patition wdls

Frewdls

Hung Calings

FHoors

Windows

Doors

Shading Devices

Stairway and devators
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Thickness and type of
congtruction.

Location and type of
congruction.

Type of materid (tile
or plaster), insulating
vaue, and Sze of tile
or pandls.

Thickness and type of
congruction.

Type, Sze, sash
materid, type of glass,
and fixed or openable.

Type, Sze, and use.

Internd: Type of device
color, and reflectivity.
Externd: Location and
details of devices.

Condtruction details,
Sze, and usage.
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INFORMATION ON HEAT PRODUCING DEVICES REQUIRED

Condgderations

Lighting.......ccccu.....

Equipment.................

FOR DESIGN CALCULATIONS

Factors

Type

Mounting

Load

Sensible heat sources

Sengble and latent
heat sources

TABLE 54

I nformation Required

Incandescent,
fluorescent, or high-
intengty discharge.

Exposed, recessed in hung
ceiling, recessed in

return plenum,

spotlights, or other
mounting.

Wetts per unit area
including sartersfor
fluorescent lighting.

Quantity of equipment,
hest output, and usage
factor.

Quantity of equipment,
amount of sengbleand
latent heat |oads, and
usage factor.

INFORMATION ON BUILDING OPERATION REQUIRED FOR DESIGN CALCULATIONS

Factors I nformation Required
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Operation schedule........ Normal hours of operation and anticipated off-
hours operation.
Occupancy................. Population, usage schedule, period of maximum

occupancy load, and type of activity.
Space Requirement......... Temperature and relative humidity.

5.4.6 Heating Systems. Heating syslems maintain the required design conditions in a space by
supplying heat adequate to offset heat loss. Sources may be steam, hot water, naturd gas, ail,
cod, dectricity, or solar energy. Systems may be combined with ventilating and air-conditioning
when functiondly and economicaly feasble. Humidification systems shdl maintain required
design conditions.

a  Steam heating systems are two-pipe systems, upfeed or downfeed, classfied by steam
pressure as follows:

Classification Operating Pressure
Low Pressure 0- 15pdg
Medium Pressure 16- 50 psig
High Pressure 51- 125 psig

Acceptable methods for condensate return to the boiler within steam heating systems are:
Hartford Return Method; Flooded Return Main Method; Dry and Wet Return Method.

Steam-hegting systems are suitable for process |oads and heating loads, if temperature
modulation is not a prime consideration. Condensate return system shall be used with
steam hegting systems.

1) Low-pressuresteam systems are suitable to heat most buildings. They are
compatible with unit heaters, centra air-handling units and steam-to-hot-water
exchangers.

2) Medium pressure steam systems are suitable for process work buildings. They

are compatible with centrd air-handling systems, when process load islarge, and
with steam-to-hot-water exchangers.
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3) High-pressure steam systems are suitable for process work buildings and site
digtribution systems. They shdl not be used directly for heating, but may be used in
conjunction with steam-to-hot-water heat exchangers.

b. New Congruction. Useof steam systems for perimeter heeting is discouraged due to
excessiveinitia costs and poor control. Steam systems may be used to provide heat to
ar-handling and digtribution systems where economicaly, functiondly feesble.

c. Hot-Water Heating Systems. Hot-water hegting systems are classfied by water

temperature.
Classification Temperature F
Low Temperature Lessthan 220°
Medium Temperature 220° to 350°
High Temperature Greater than 350°

1) Low Temperature. Classfication isfurther subdivided into seriesloop, one-pipe,
and two-pipe systems.

a)  Seriesloop systemissuitable for usein small structures such as residences or
amdl office buildings. Termind units are mounted on the loop and consdered
as part of theloop. Flow-control devices are required at each branch.

b)  Onepipe system is suitable for use with sSngle-zone systems, as the secondary
comment of a primary-secondary system. This system requires diverting tees
for waterflow from the main to the termind unit.

c) Two-pipesysem is suitable to connect to individua heat emission equipment
and may be either direct-return or reverse-return. It may be used for supply
and return mains, or in connecting series-loop and one-pipe systems from
individually conditioned spaces.

2) Medium-temperature systems are suitable for use in primary-secondary pumped
systems with a convector/hest exchanger.

3) High Temperature Systems.
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a)  Suitablefor usein centrd hegting systems where hest is supplied from a centra
plant and where water-to-water heat exchangers are used.

b)  Shdl not be used for heating single buildings, or as direct heating system;
except, where medium-pressure steam might normally be used.

c) Boilersfor hot-water syssems may be cast iron or steel. Where cast iron
boilers are used, specia consderation shdl be given to air separation. Care
must be exercised to prevent system pressures from exceeding boiler pressure
ratings. Where low return-water temperatures are probable
primary-secondary pumping, or individua circulaing pumps should be
provided to minimize thermad stock.

d. Hot-air heating systems supply air to a space at a higher temperature than the indoor
design temperature. Air isnormaly heated by steam coils, hot water coils, eectric
resistance coils, or warm air furnaces. See ASHRAE handbook for criteria. In residentia
and smd| structures single-zone, perimeter hot-air systems with ductwork below the floor,
or above the ceiling may be used. For larger structures, multiple single-zone units,
variable-air-volume integrated with perimeter cooling, or combined hot-air systems with
hot-water heating units may be used.

e. Radiant heating systems employ large surfaces such asfloors, ceilings, wdls, or a
combination of surfaces, heated to temperatures dightly higher than the ingde temperature.
Heeting medium for radiant heating systems may be weter, air, or dectricity. Radiant
heating systems are suitable for heating concrete floors on grade, such asliving quarters or
vehicle repair shops. They are not suitable for industrid buildings with concrete floor on
grade, or for buildings with intermittent occupancy.

f.  Infrared heating systems are primarily used as spot hesters. Main heating units may be
electric, gas-fired, or oil-fired.

1) Infrared hedting systems are suitable where heating of the entire ambient air is not
required, i.e., loading docks, shops, warehouses, €tc.

2)  For dficient use of an infrared system, line of Sght and distance between the
occupant and the heater shall be considered.
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3) Dedgnandingdlation of the system shdl follow NFPA Standard No. 31.

g Electric heating systems employ eectricity to hest air or weter. Before designing an
electric system, an economic analyss that includes the demand charge shdl be conducted
to determine that most economical method for heating.

1) Electrica heating sysems may be used in small, remote structures which cannot be
heated economicaly by a centra system or a sdf-contained system.

2)  Where economicaly feasble, heating energy shal be generated during off-peak
hours; and shdl be stored in therma storage tanks, to aleviate the added expense of
demand charges (such as in conjunction with a heet pump system).

3) Sdafety disconnect switches shal be provided to disconnect power supply in the event
of falure of the air-circulation fan.

h.  Heat Pump Heating Systems. The main consderation in hest-pump design shal beto
meet winter heating requirements with as small a heating apparatus as possible. When
conddering supplementary eectricity for heat pumps, a thorough engineering andysis of
available energy sources and systemsis required. The mogt efficient method of using
electric power for hesting is the water-to-air hest pump; the air-to-air heat pump is second
in efficiency; and the third is the water-to-water heat pump. The water-to-air pump shall
be consdered first. Heat pump systems may be provided, if approved by ARS; and, if
andydsindicatesthat it islife-cycle cogt effective.

1) Water-to-air heat pump system may be used for facilities with heat loads up to
100 tons. Internd heat of the building shal be used as a heat source.

2)  Air-to-air heat pump system may be used for facilities with loads up to 100 tons.
It is suitable when the heating outdoor design temperatureis 17° F or higher.

3) Added demand charges, aswell as estimated power consumption and peak
demands, shal be considered in the cost andlysis. Where power suppliers use
natura gasto generate more than 10 percent of the annua output, probability of
increased fudl adjustment charges and increased maintenance cost shdl aso be
considered.
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5.4.7

4)  Fortheair-to-ar heat pump system, possible requirement for additiona power
transmission and substation capacity shal be consdered.

5) Tojudify an dectric heat pump system, annuad owning and operating expenses
during heating seasons shdl be less than if heated by foss| fud.

I. Solar heating systems convert solar radiation into a usable heating source. They may be
active or passve systems with water on air used as the heating medium; and they may be
used aone, or in conjunction with mechanical systems, depending upon design
requirements, geographic location, and economic feasbility.

1) Solar heating systems shdl be sdected and designed in accordance with Department
of Energy Facilities Solar Desgn Handbook.

2) Alife-cycle cost analyss shdl be conducted and the results shall be gpproved by
ARS before the system is designed.

Air-Conditioning Systems. Air-conditioning systems shal maintain the space required by
smultaneoudy contralling the supply air temperature, humidity, and distribution to the space.
Following are the basic types of air-conditioning systems which shal be considered but not
limited to:

a  Sdf-contained systems consst of afactory fabricated, packaged air-conditioning unit.

1) Thesesysemsmay be used for any ar-conditioning system where it is economicaly
feasble.

2) These systemsareless complicated to ingdl, and have alower first cost than other
systems; they do not require centra refrigeration equipment.

b.  Built-up systemsconss of individual components that are assembled &t the building site.

1) These sysems may be used as remote air-handling systems which use a central
cooling plant.
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2) These sysems may reduce required capacity of the refrigeration plant due to load
diverdty. A centrd gation refrigeration plant is usudly remotely located and built-up
units are more efficient, better constructed than sdlf-contained units.

c. Singleduct systems consst of an air-handling system and a one-zone duct system.

1) Thesesysemsare suitable for large open spaces which have uniform, substantialy
constant loads.

2)  Modular equipment is permitted where part load performance could be improved, or
where duct Szes are excessve.

d. Congant Air Volume System. In thissystem, outdoor and return air dampers are
sequenced with the heeting and cooling coils to satisfy space requirements. For a heating
condition, the space thermostat controls the heating coil to achieve heating requirements;
with rising outdoor temperature, the heating coil is closed off, and the outdoor and return
ar dampers are modulated to set point. On afurther rise of outdoor temperature, after
outdoor air damper is open, the cooling coil is modulated. When outdoor air requires
more energy to cool than the return air, outdoor air is st at its minimum to provide
ventilation.

1) Thissysemissuitable where zone control is required such as auditoriums, meeting
rooms, cafeterias, etc.

2)  Thissystem utilizes amixture of outdoor ar and return air to satisfy space
hesting/cooling requirements, without requiring additiona energy.

e.  Multi-zone unit systems may be classed operationdly with single fan, and mixing of
warm or cold air is done at the unit with asingle duct running to the controlled space.
Note that smultaneous heating and air bypass to provide zone control may be used.

1) Theseshould be used in smaller areas where three to ten spaces need separate
control. They are dso suitable in fairly large buildings when multiple units are used
with each unit serving severd different zones. Application islimited only in hot-dry
climates

f. Perimeter zone air systems shal have a separate duct system that offsets the
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transmission load & thewall and glass. Solar load is assgned to the main air system.
Perimeter systemn consists of afan, acooling coil, and heeting coil. In operation, the
outdoor thermostat resets supply fan discharge temperature on a preset schedule to
balance heet tranamission gains or losses a the exterior wall of the building.

1) These sysgemsare suitable for seasond cooling or heeting or spaces where load
transmissonisat thewal and glass. They should be zoned, based on building
exposure. If two units are used. they are zoned for south and west exposure on one
unit, north and east on the other.

2)  During unoccupied hours in the hesting season, the fan operates on either a
continuous or acycling bass.

g Fan-cail systemwith interior ar supply isacombination air and hydronic system. This
system cools or heats to compensate for transmission and solar variation and, in many
cases, for part or dl interna heat gain. The two-pipe system is a changeover system,
where water coil receives chilled water in the cooling season and heated water in the
heeting season. This system can be four-pipe for certain specia application.

1) Ananadyssof winter solar loads and control zoning is necessary for fan-coil systems.
They are suitable when large ducts cannot be instaled for security reasons or
sengble and latent cooling requirements. Room unit systems shal not be considered
where units would not be easily accessble for service or where drains cannot be
ingaled. These units shal not be ingtaled above ceilings. outdoor air shdl not be
taken directly from sde by individud units. Ventilation air shdl be introduced by a
centrd air-handling unit(s).

2)  These sysems may be more economica for central systems, especialy in spaces that
require large ducts, or, spaces with high hest loads. Units shall be zoned by
exposure and for changeover. Individua unit temperature control is possible.
Provide condensation drains and pitch drain linesto the floor drain or service Sinks.

h.  Heat pump systems are as described in paragraph 5.4.6h.
54.8 Refrigeration Systems. These congst of areciprocating compressor, a centrifuga

compressor, a screw-type compressor, or an absorption refrigeration system. Following are the
types of sysemswhich are used for HVAC systems.
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Reciprocating Compressors. Consst of factory components. Field-assembled units
should be used only where flexibility cannot be obtained economicdly with afactory unit.
These systems are suitable for usein direct or indirect expanson syssems and are
economicaly feasble in the range of 50-150 ton capacity.

Centrifugal and Screw-type Compressors. Utilize angular or screw-type momentum of
agteadily flowing fluid to increase system pressure,

1) Thesesystems may be used in awide variety of refrigeration and air-conditioning
systems and are suitable only for indirect expansion systems.

2)  Centrifugd and screw-type compressors have greater volumetric capacities, size for
sze, and better efficiency, than do positive-displacement units.

Absor ption Refrigeration. Hesat-operated refrigeration system that requires medium or
high temperature hot water or steam, or is gasfired.

1) Theseare suitable when live-cycle cogs are lower than that of eectrical
COMPressors.

2) Congder the extra cost of owning and operating condenser water systems and
savingsin the cogt of the foundation and the eectrica wiring required for an
absorption machine. If steam supply pressure is above that required by the
absorption machine, cost of pressure reducing vaves shal be included. Consider the
cost of steam piping and condensate systems.  These systems may have a higher
steam consumption than steam turbine-driven centrifuga compressors, depending on
turbine efficiency.

5.4.9 Ventilation Systems. Ventilation sysems shdl supply ar to or remove air from a space to
meet design criteria

a

Mechanica ventilation shal be used where: (1) processes produce noxious or hazardous
fumes; (2) dust or vapor creates unsafe or unhygienic conditions; (3) concentration of
personnd in auditoriums or dining facilities required supply of outdoor air and remova of
ar; (4) odor removal from toilet roomsis required; (5) comfort of operating personnd in
kitchens is required; and (6) €ectronic or dectric equipment isin confined spaces and
close control of operating temperature is required.
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5.4.10

54.11

Spaces where exhaust systems are used to remove contaminated or hot air shal be
maintained at a negative pressure to prevent exfiltration to other areas. negetive pressure
shall be created by exhausting 5 to 15 percent more air than the supply air. If anticipated
fumes and vapors have a specific gravity greater than air, exhaust intakes shall be provided
at thefloor levd.

Explosion-proof ventilation equipment shal be provided for areas where explosive vapors
or dust are anticipated.

Filters shdl be provided where particulate matter must be removed from the supply or
exhaudt air.

Evaporative Cooling System. Evaporative cooling is an adigbatic heat exchange system.
Enthapy of air remains congtant, while dew point rises and dry-bulb temperature fdls, to the loss
of sengble hest that equasthe gain in latent hest. These systems provide sensible cooling
without controlling room humidity.

a

These are suitable where outdoor dry-bulb temperature is 93° F or greater for more than
2,000 hours during the six warmest months of the year; or, where the wet-bulb
temperature does not exceed 63° F for more than 100 hours during the Six warmest
months of the year.

1) Actua evaporation rate and leaving air dry-bulb temperature depends on equipment
saturation efficiency, which varies 70-95 percent, depending on equipment design.

2)  Water flow of sprays over wetted surface shall be gpproximately 3 galons per
minute per c.f.m. of ar flowing through it.

Air Cleaning Systems.

a

Air supplied to occupied spaces, equipment rooms, kitchens, cafeterias, etc., shdl be
provided with air filters, arranged to provide clean air a& upstream side of air- handling
units, fan-coil units, and heeting units.

Filter efficiency shdl be 50 percent minimum.

Filters shdl be selected per ASHRAE Standard.
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5.4.12

5.4.13

o}

Sdect filter for operating velocity recommended by the manufacturer to give an economic
combination of gtatic pressure loss and dust holding capacity.

Minimum clearance of two feet shal be provided for service and ingpection.

An access door with minimum width of 18 inches and an dectric light in awatertight type
fixture shdl be provided.

Slope of connecting ductwork shdl not be more than 15 degrees.

Humidification Systems. Humidity of a space depends on changes in moisture content of
hygroscopic materid in the space and the quantity and thermodynamic properties of air entering
by infiltration or ventilation.

a

Winter outdoor conditions for most regions show moisture content of outdoor air to be
relatively low even if the air is saturated. Therefore, to obtain humidities of 30 percent or
above, it is necessary to add moisture to the air.

Piping Systems.

a

Hot and chilled water systems shall be of the two-pipe, reversed-return type. A direct
return system may be used in specia applications. Condenser water systems shall be
direct return type.

Sizes. Size piping for maximum friction loss of 3.3 feet per 100 feet of draight pipe, or a
velocity of 8 feet per second, whichever islarger.

Valves. Provide vavesto isolate equipment (for operation and repair), including room
units and individua risers to room units. Provide manud vents a high points hose type
drain vaves at low points, and both in sections or risersthat can be isolated by valves.

Supportsand Expansions. Show locations of expansion joints, loops, and anchors on
drawings. Acoudtica trestment to prevent transmission of vibration and fluid noise shal be
incorporated.

Flow Measurement. Suitable devices shdl be provided so flow can be measured in
major equipment such as chillers, cooling towers, boilers, solar system loops, or other
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Zones, eg., primary and secondary loops. Baancing devices shdl be provided to alow
adjustment.

f. Insulation. Except for condenser water systems, piping systems shal be insulated.
Systems exposed to westher or in tunnels shall be protected from freezing.

g Air Elimination System. Compression tank(s) shall be provided for each closed system.
Air-in-water systemn can cause serious problems, such as water hammer, noise, and
excessve energy use.

h.  Make-Up Connections. Each piping syssem shdl be provided with a makeup water
connection, for filling purposes, which shal comply with loca codes.

I. Pressure Drop. Caculate and record for each piping system.

j.  Water Treatment. Each closed/open piping system shdl be provided with chemica
treatment to inhibit corrosion, and bacterid scae, deposits, or growth.

54.14 Air Duct Systems.
a  Desgn Requirements

1) Equd friction method or static pressure regain method in the ASHRAE
Fundamentals Handbook may be used to determine duct sizes.

2) Duct leakage rate shal not exceed 3 percent for low-pressure systems and 0.5
percent for medium- or high-pressure systems. (Note: For facilities involving work
with hazardous materids, dl ducts shdl be congructed in alegk-tight manner with
seams and joints usudly welded airtight.)

3)  Whereductwork is connected to equipment fittings such as heating coils, cooling or
filters, trangition should be as smooth. Sope of trangtion shal be 15 degrees on the
upstream side and less than 30 degrees on the downstream side. Trangtionsin
elbows shdl be avoided.

4)  Accessdoorsor panels shall be provided in ductwork for any apparatus requiring
maintenance, ingpection, and service for:
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a) filters
b)  codling cails

Cc)  sound absorbers

d) volumeand splitter dampers
e) firedampers

f)  thermodtats

g  temperature controls

h)  variable air-volume boxes

i) vaves

j)  humidifiers

b. Elbows. Smooth dbows with a center radius 1 ¥ times the width of the duct should be
used for rectangular ducts.

c. Dampers. Volume or splitter dampers shal be provided in ductwork, where necessary to
obtain proper control, balancing, and digtribution. An automatic parallel blade damper
shall be usad if position control isrequired. An automatic opposed blade damper shall be
used if modulating contral isrequired. Fire dampers shal be provided in accordance with
NFPA standards.

NOTE: No dampersshal be used in chemica fume hood exhaust ductwork.

d. Air Digtribution Devices.

1)

2)

3)

4)

5)

Air outlets shdl be located to provide proper throw, drop, and spread.

Air should not blow againgt obstructions such as beams, columns, lights or sprinklers,
or on occupants.

Supply outlets shal be uniformly located within range of throw to distributed loads with
ar velocity at the occupant's level not exceeding 50 feet per minute (FPM).

Where loads are concentrated, supply outlets shall be located near load source.
Air termindsfor variable air volume systems shd| be selected to be compatible with

characterigtics of VAV box; i.e., outlet must be cagpable of performing at full and
partid load. Flow pattern must be properly evauated. Standard air outlets do not
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5.4.15

5.4.16

perform satisfactorily with variable air-volume flows.

Chemical Water Treatment. Each piping sysem shdl be chemicdly trested to prevent
corrosion, scaing, and biologica fouling deposits of piping systems and related equipment.
Chemicals used depend upon loca water conditions; analyses shdl be done before sdecting
treatment. Cooling tower water (condenser water) and boiler feed water also require
treatment.

Automatic Temperature and Humidity Control.

a

Automatic controls for temperature and humidity shall be provided for hesting, ventilation,
and air-conditioning systems. Provide controls to maintain dead band temperature
ranges, to secure air-conditioning during periods of nonoccupancy, and to set back
heseting temperatures during periods of nonoccupancy. When smoke control is provided,
controls and systems shall be coordinated. Controls may be pneumatic, eectronic,
electrical, or a combination of these, depending on application, availability of service, and
cost. If the project has, or may have, acentra control system, automatic controls shall be
coordinated with the centrd system. Drawings shdl delineste the pneumatic dectronic,

or electric type, with standard symbols, schedules, description of operation, sequences,
throttling ranges, set points, etc. Show run thermogtats on floor plans.

Automatic Control Strategies.

1) Temperature. Preheating and outdoor air dampering controls should prevent
subfreezing ar from entering downstream from the equipment.

2)  Humidity. Controlsshould be modulating type, compatible with method of
humidification used. Dew-point contral is preferable; for spray-type equipment,
locate sensor in tank. Provide controls to shut off humidifier when fan stops, or
cooling isrequired, or to prevent overheating.

3) Room Control. For room temperature controls mount thermostats on permanent
partitions or on columns. VAV units may have thermostats mounted above the
diffuser.

4) Refrigeration.
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a)  Control air-conditioning units by room thermostat; where water-cooled,
interconnect with condenser water pump <o that it starts when compressor
starts and stops when compressor stops.

b)  Ondirect expanson systems, unless other protection is provided for short
cycling, provide time-delay relaysto prevent too frequent starting of
compressor motors. Specify controls for plants with multiple compressors so
that motors and capacity steps operate in a predetermined sequence.

c) Pantswithindividud refrigerating machines smdler than 500 tons should be
operated by firgt starting the lead chilled water pump. Provide capacity
controlsin chilled water main to automaticaly start and stop machinesin
proper sequence and actuate capacity control of each machine.

d) Pantswithindividud refrigerating units larger than 500 tons should be
controlled asin c) above, except that each machine must be started manualy
(either directly or through interlocks).

€)  Locate thermostat for each cooling tower in outlet pump to start fan (or fans)
in sequence. Solenoid vaves in tower blow-down connections should be
opened only when condenser pump operates. Provide thermostaticaly
controlled bypasses for condenser water systems serving absorption
meachines. Consider means for reducing blowdown &t low loads in locdities
with chronic water shortages, if economical.

f)  Inbuildings with refrigerating units smadler than 500 tons, clocks or computer
controls may be used to coordinate starting and stopping of refrigerating,
ar-handling, and vertilating equipment if sgnificant savingsresult. Use
separate controls for each buildings area diverse usage.

c. Temperature Control Strategies. Following are some of the operating control
srategies which may be used where codt effective:

1) OutsdeAir Temperature Cutoff: Heating and refrigeration systems can be
provided with an outdoor temperature sensing control which secures equipment
when outdoor temperature fals within an adjustable number of degrees of the
indoor temperature. Usudly, this function is not required where an operating staff is
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avalable
2) Warm-up Night Cycle: Depending on climate conditions, thermal load imposed

3)

4)

5)

by outsde air for ventilation may congtitute a substantial percentage of tota heating
and cooling requirements. This function provides the capability of controlling
outside air dampers when introduction of outside air imposes an unnecessary
thermd load; e.g., when the building is unoccupied during warm-up or cool-down
cycles. Outsde air dampers would be closed during thesetimes. Thisfeatureis
appropriate for ar-handling/ventilation equipment controlled for night setback, or
for air-handling equipment designed for unoccupied heeting of conditioning.

Air Side Economizer: Utilization of an outside air economizer cycleisacost
effective energy conservation measure. Such a system shdl be provided, or an
economic andysis shal be submitted to show that it is not cost effective. Outside
arisusad for dl, or aportion, of the building's cooling requirements when
monitored heat content of outsde air isless than return air from the space. Heat
content can be established through enthalpy sensor or dry-bulb thermogtat. In
climate zones where outsde air is predominantly dry, a dry-bulb temperature
economizer will prove effective and air preferred over enthapy control, due to
mai ntenance concerns.

Space Temperature Night Setback: During winter operation, energy required
to maintain space conditions during unoccupied hours can be reduced by lowering
the temperature set point for the space. Setback temperature is usudly 10-15° F.
Thismeasure is cost effective, except in heat pumps. Heat pump auxiliary systems
will be forced to operate in a setback warm-up condition that minimizes cost
savings. Space temperature setback shall be applied, except for 24 hour use and
heet pump designs, or an economic andysis shal be submitted to show thet it is not
cost effective.

Chilled Water Reset: Energy required to generate chilled weter in a
reciprocating or centrifuga eectric driven refrigeration machineis afunction of a
number of parameters, including temperature of the chilled weater leaving the
machine. The higher the leaving water temperature, the lower the energy input per
ton of refrigeration. Since chilled water temperatures are selected for pesk design
times, resulting temperatures can be eevated during most operating hours. Return
ar or selected zone humidity should be monitored for ahigh limit override.
Automatic chilled water reset is ingppropriate in climates of high humidity; where
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6)

8)

9

humidity control isan issue; or where VAV sysemsareused. Thisfunction can be
achieved by manua adjustment through an operating staff. In elther case, manud or
automatic, the chiller manufacturer should be consulted regarding safe limits for
chilled water rest.

Condenser Water Temperature Reset: Another characteridtic that affects
energy input to arefrigeration system is the temperature of the condenser water
entering the machine. Hesat rejection equipment is designed to produce a specified
condenser water temperature, such as 85°, at peak wet-bulb temperatures. Chiller
efficiency will increase where lower condenser controls can be provided to optimize
performance of the refrigeration system by resetting condenser water control when
outdoor wet-bulb temperatures can produce lower condenser temperatures.

Chiller manufacturer should be consulted regarding safe limits for condenser water
reset.

Outside Air Schedule Reset: Hot water space heating systems, whether
supplied by aboiler or aconverter, are designed to supply hesting requirements at
outdoor design temperatures. Frequently, the hot water supply temperature can be
reduced as heating requirements for the facility are reduced. For most facilities, this
reduction is directly related to an increase in outdoor ambient temperature.
Capability to reduce the temperature of supply water, as afunction of outdoor to
reduce temperature, will effect operating savings through reduced transmisson
(line) losses and improved hegt transfer efficiency by the heating source. To
accomplish this function, the temperature controller for the hot water supply is reset
on a predetermined schedule as a function of outdoor temperature. This festure
shdl be provided to hydronic heating systems.

Boiler Profile and Optimization: The opportunity exigtsin certain applications of
multiboiler heeting plants to optimize sdection of the most efficient equipment
combinations to satisfy instantaneous heating requirements. Profiles can be

devel oped for each hegting unit by monitoring fuel input as a function of output.
Based on the operating history developed, and the loads, boiler operation can be
regulated to minimize energy input. This festure should not be gpplied unless
required by design programming documents.

Chiller Profileand Optimization: Thisfunction is smilar to the baoiler profile
described above. For multiple-chiller instdlations, operating load datais obtained
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and applied to the manufacturer's predicted operating characteristics of each
refrigeration machine. This, in turn, dlows chillers to be cycled for lowest energy
input. in some designs, the manufacturer's predictions can be refined based on a
developed operating history. Thistype control has historicdly proven to be
unreliable and should not be provided unless required by design programming
documents.

5.4.17 Equipment Selection.

a Fans

1) Sdection of fans shdl be based upon the following:

a) Fansshdl be sdlected to operate as close to the point of maximum efficiency
aspossihble.

b)  Fansshould absorb the least brake horsepower for the given conditions of air
flow and gtatic pressure.

c) Fanoutlet veocities shdl not be less than the velocity of ar in the duct for
about four equivalent diameters downstream.

2) Operation.
a) Padld operation of fans shdl be avoided if possible.
b) If fansare selected for pardld operation, they should be backwardly inclined.

c) If fansare selected for pardld operation, each fan shdl have sdf-closing or
automatic discharge dampers to prevent backflow.

d) Fanmotorsshdl be sized for individua operation with increased air flow
againgt reduced static pressure.

b. Central Sysem Air-Handling Unit Requirements.

1) Psychrometric study, with load caculaions for each air-handling system should

85



ARSMANUAL 242.1
Congtruction Project Design Standard August 30, 1991

show:

a)  Outdoor and indoor design conditions.

b) Temperaurerisein return (recirculating) ar peth, including ceiling plenums.
c) Temperature rise caused by fans.

d) Return and outsde air mixture (coil entering) conditions.

e) Cooling and coail leaving (off-coil) ar conditions.

f)  Bypassand leaving air mixture conditions, where gpplicable.

g Sydemand lowes individuad room sengble heat factor  dopes.

h)  Capacity of preheaters, cooling coil, hesters.

i)  Roomtermind temperaiure differentids.

2)  Sdect off-coil conditions (psychrometric condition of ar leaving cooling coil) to
satisfy lowest sensible heat factor of the severa spaces served. Air quantities for
individua gpaces are basad on this off-coil condition, with adjustment for fan and
duct heat gain being made to establish terminal temperature differentid. Sdect the
coilsfor face velocity between 400-500 feet per minute.

c. Refrigerating Machines.

1) Typeand Number of Units. Refrigerating unitsin a plant should be of the same
type. Design plant for minimum of two units that will carry the load and provide
sufficient cgpacity reduction to permit continuous operation a minimum load.

2) Chilled Water Requirements. Arrange condensers and chillersfor parald flow
unless series flow of chilled water is proved move economical. How diagram must
be provided coordinating flow and temperature ranges of chillers and cooling cails;

include hydraulic characterigtics of the chilled water system and pumps.

3) Energy Considerations. Maching(s) sdected shdl be energy conserving.
Specify controls for unloading the machine for pesk load conditions. Energy
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consumption per ton kw/hr. shall be specified; however, the kw requirements must
be met by more than two mgjor manufacturers.

d. Cooling Towers.

1) General. Provide mechanicaly induced draft cooling towers having a separate cell
for each refrigerating machine. Each cdll shall have a separate basin or a separate
section of acommon basin. Height of supports should permit easy maintenance
and painting of basin and supporting structure. Outlet connections must be
accessible for repairs.

2) Tower Layouts.

a) Szetowersfor heat rgection of system served and a
10° F water temperature rise, and an 8° F approach to entering
wet-bulb temperature.

b) Dedgn architectura enclosures and structura supports to accommodate both
cross-flow and counterflow towers having any standard post spacing.
Enclosures should not redtrict air flow to tower or permit recirculation of fan
discharge air.

PART 5. UNDERGROUND HEAT DISTRIBUTION SYSTEMS

551 Scope. This part of the handbook gpplies to design of distribution piping for supplying service
from centra generating plants to buildings and for service returns to plants,

55.2 Exterior Distribution Systems. Types of exterior distribution sysems are:

a  Steam. Sysem supplies hegt in the form of steam from a centrd generating plant to
severd buildings or buildings groups for space heeting, domestic hot water heaters,
kitchen equipment, or other devices using steam, and returns condensate to the centra
plant.

b. High-Temperature Water (HTW). System circulates HTW which supplies heat from

acentra heating plant to severd buildings for space heating and process work, and
returns water to the central plant.
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553

5.54

555

Chilled Water (CHW). System circulates CHW from a centrd refrigerating plant to
severd buildings for air-conditioning and returns water to the centra plant.

Cooling or Condensing Water. System distributes cooling water from a central source
such as acooling tower, to severd buildings for condensing steam or refrigerants. Water
is then returned to the source (cooling tower).

Information Required for Design. Actua loads and conditions shall be determined on a
case-by-case basis for each building.

Fluid Characteristics. Use sources below.

a

b.

Steam. Criteriain Thermodynamic Properties of Steam (Keenan and Keyes).

Condensate. To determine cost of returning condensate, use the ASHRAE handbook
and product directory.

Distribution Site L ocations. When underground systems are to be used, thorough
investigation shdl be made of ground and water conditions. Consder the following:

a

b.

Survey shdl be made a atime of the year when the highest water table is expected.
Explorations (borings or test pits) shal be made & least every 100 feet dong theline of a
proposed system. If changes of dratification are noted, boring spacings shall be
decreased so accurate horizontal soil profile may be obtained.

Explorations shal be extended 5 feet below expected eevation of a system to determine
ground water conditions.

Particular atention shdl be given to the fallowing factors:

1)  Surface runoff seeping into backfilled trench and percolating toward asystem at a
rate greater than the ability of the ground below the system to carry off the water.

2) Areaswhere apond may develop, either dong adoping surface or in low flat
aress.
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3) Inorder to determine permesbility of the ground below a system, see below.
e. Fidd Permeability Test. Permesbility shal be tested asfollows:

1) Tedtsshal be made dong the line of atrench a intervas of gpproximately 100 fest,
described below.

a) Holesshdl be dug approximately 1 foot square to a depth of 2 feet below the
approximate bottom of atrench.

b) Eachholeshdl befilled with water.

C)  After seepage occurs, each hole shdl be refilled immediately with water to the
same depth.

d) Ifin 20 minutes or less water drops 2 inches, soil shal be considered dry;
otherwise, congder it saturated.

2) Useted results asfollows

a) If soil issaturated, no further tests are required. Class A underground
conduit systems for wet soils shdl be used.

b) If soil isdry, permesbility test holes should be deepened an additiond 3 feet
to determine if water table iswithin 5 feet of the trench bottom.

f.  Soil resdivity shdl be handled as follows:

1) If metd conduits are considered, soil resdtivity readings should be taken dong with
conduit line.

2) A cathodic protection system shdl be ingtdled to protect metal conduits and
manholes at stes where soil resitivity isless than 30,000 ohms per centimeter cube
(ohm-~cm), or where stray direct currents can be detected underground.

g Soil gability shdl be noted during above survey.
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556

5.5.7

Economic Studies. Owning, operating, and maintenance costs, whether Ste is permanent or
temporary, shdl be considered. First choice should be given to an above ground system, which
will be less codlly.

a. Annua Owning, Operating, and Maintenance Costs.

1)  Within limitations, lowest cost shdl form the basis for sdecting a distribution system
and route, aesthetics notwithstanding.

2)  Annud cogts shdl be based on 25-year retirement of ingtalation costs.

3)  Operation and maintenance costs depend on system design and experience of the
operators.

b.  Aboveground and Underground Systems. Permanent or temporary use, high water
table, and degree of hazard shall be considered in sdlecting a system.

c. Typeof Underground System. Suitability of systems should be considered.

d. Condensate return costs shdl be caculated.

e.  High Pressure (above 50 psig) Steam Versus Low Pressure (0to 15 psig) Steam
Digtribution. Compare cogts of high pressure pipe, vave, and fitting stlandards against

low pressure standards, plus cost of pressure-reducing stations in sdecting the most
economical system. Medium pressure steam systems (15 to 50 psg), if economical, may

a so be used.
Piping Design.
a  Sizng.

1) Equivalent Lengths of Piping. Two sraight lengths of pipe dong a pipdine
route, add lengths for valves and fittings as indicated in ASHRAE Handbook and
product directory.

2) Steam Piping. Design consderations shdl be asfollows:
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b.

a)  Steamflow chartsfor pressures of 30, 50, 100, and 150 psig, refer to
ASHRAE Handbook. Charts show weight-flow rate, pressure drop, and
velocities of saturated steam in Schedule 40 stedl pipe. By sdlecting pipe size
on an optimum pressure drop, tota pressure drop of a pipeine may be
edimated from an equivaent length.

Pressure Reducing Valves.

1)

2)

3)

Selection of Type. Double-ported, pilot-operated valves shal be ingtaled for
capacities for inlet pressures above 125 psig. Double-ported valves do not shut off
completely on no-load demand; therefore, single-seated valves shdl be used for
such service. Reducing vaves shdl not be ingaled according to pipe sze
(oversized valves do not give satisfactory service). Select valves to operate open,
with ratings and reduction ratios recommended by the manufacturer. A strainer and
condensate drain shall be installed ahead of pressure-reducing valves. Because
volume of steam increases rapidly as pressure is reduced, a reducing vave with
increased outlet or expanding nozzle shal be ingtaled when reduction rétio is more
than 15to 1. Cutout valves shdl be provided to isolate pressure reducing valve to
perform maintenance. Manua bypass shdl be provided for emergency operation
when pressure reducing valveis out of service. Pressure gauge shall be provided
on low pressure side.

Safety Valves. Oneor morerdief or safety valves shdl be provided on low
pressure Side of each reducing valve in case piping or equipment does not meet
requirements of full initial pressure. Combined discharge capecity of relief vaves
shdl be such that pressure rating of low pressure piping and equipment will not be
exceeded.

Capacity. Where steam requirements are rlatively large (above approximately
3,000 pph), subject to seasond variation, two reducing valves be ingtdled in
pardld, and szed to pass 70 and 30 percent of maximum flow. During mild
weather (pring and fdl), the larger valve shdl be sat a reduced pressure so that it
will remain closed as long as the smdler vave can supply the demand. During the
remainder of the heating season vave settings are reversed.

Takeoffsfrom Mains. Buildings shdl be a the top of mains, located at fixed points a
or near anchor points. Where abranch is short, valves at each takeoff are unnecessary;
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but, where vaves are of congderable length, or where severa buildings are served,
takeoffs shal have vaves.

d. Condensate Returns. Size condensate trap piping to conform with 30 to 150 steam
piping per ASHRAE Handbook. Returns shall be asfollows:

1)

2)

Discharge piping from condensate and heating pumps shal match pump capacities,
which may be between 1 and 3 times the capacity of a steam system branch it
serves, depending on whether intermittently or continuoudy operated.

Size common-pump discharge mains to serve the sum of its capacities. Usethe
Hydraulic Inditute Pipe Friction Manua to select sted pump discharge pipe sizes
for new clean sted pipe, dlow 6 feet per second maximum velocity, and use a
correction factor of 1.85 to prevent pressure |0ss as the pipe becomes roughened
with age. Friction plus static heads shdl not exceed ratings of stlandard pump and
receiver units.

e.  Hightemperature water (HTW) piping shdl be asfollows:

1)

2)

Sizing. Use pipefriction chartsin the ASHRAE Handbook to sdlect pipe sizes.

a) A reasonable average velocity is approximately 5 feet per second, minimum
alowable velocity, 3 feet per second.

b)  Friction charts are based on the rationa flow formula using clean pipes.

Venting and Draining. Vent high points of digribution lines. Piping shdl have
drainage means &t low points.

f.  Chilled Water. Use standards of the Hydraulic Indtitute Pipe Friction Manud to sze
new pipe, unless water is replaced annually (a pressure or a correction factor of 1.41
shdl aso be used).

g Condenser Water. Use standards of the Hydraulic Indtitute Pipe Friction Manud to
select pipe sizes, and multiply pressure drop by afactor of 1.85 to alow for increased
pipe roughness with age.
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558 Piping Specifications.

a

Steam Supply and Condensate Return. Piping shall conformto ANS B 31.1, Code
for Pressure Piping, Power Piping; for underground prefabricated or pre-engineered
systems.

HTW piping specifications and codes, except for underground prefabricated or
pre-engineered types, shdl be asfollows:

1) Piping. HTW piping (450° F maximum) shdl conform to ANSI B 31.1 Standard
Code for Pressure Piping and Power Piping.

2) Joints. Useweded joints throughout. Hold flanged joints to aminimum and use
ferrous aloy gasketsin joints. Do not use copper or brass pipe.

3) Valves. Vavesshdl have cast-ged bodies with stainless sted, no bronze, trim
and shall be capable of being repacked under operating pressures. Use gate valves
only as shutoff or isolation vaves.

Chilled and Condenser Water. Use Schedule 40 sted pipein 10-inch sizesand
gmaller; use 0.5-inch wall thickness stedl pipe for 12-inch size or larger.

5.5.9 Flexibility and Allowable Bending Stresses. Piping shdl be asfollows

a

Control of Expanson. Where possble, provide for expansion of pipes by changing
direction of pipe runs or by using expansion bends.

1) Expansion Joints. Where space regtrictions prevent the above, expansion joints
ghdl beingaled in accessble locations.

2) Branch Lines. Where practicable, piping shal be designed to provide for
expanson of branch linesingde buildings and shdl not affect mains.

Expansion bends shal be factory fabricated.

1) Loop sections shdl be furnished to make ddlivery and handling essier.
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2) Anchors. A reasonable distance between anchors for expansion loops is 200 feet.

3) Cold Springing. Thismay be used in inddlations but no design stressrdief shdll
be dlowed. Referto ANSI B 31.1.

c. Expansonjoints shdl be one of the types below.

1) Mechanical Sip Joint. An externdly guided joint designed for repacking under
operding pressures. Maximum traverse of piping in expanson joints shal be under
8inches.

2) BeélowsJoints. Usethese for therma expansion, with gainless sted bellows,
ingalled according to manufacturer's ingructions. Corrugated bellows for
absorbing vibration of mechanica movement a ambient temperatures may be made
of copper or other suitable materials. Maximum travel of 4 inches shal be alowed.

3) Flexibile Ball Joints. These shdl be ingtdled according to manufacturer's
indructions.

d. Flexibility Analysis. See Section 6 of ANSI B 31.3 for expansion and flexibility
criteria, and alowable stresses and reactions.

1) For methods of andyzing stresses in piping systems use piping handbooks and
publications of pipe and welding pipe fitting manufacturers. Manufacturers aso
supply calculation forms and charts.

2)  Keep caculated pipe stresses under those allowed by ANSI B 31.1.

55.10 Drainage Provisions. Drainage shdl conform to requirements listed below.
a  Pitch. Useand surrounding terrain affects the pitch of piping as below.
1) Steam Piping. Piping shdl be pitched down a a minimum of 3 inches per 100 feet

of length in the direction of steam flow and condensate flow.

2)  Underground Piping. Where ground surface dopesin the opposite direction to
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3)

4)

5)

steam piping, step up underground piping, using vertica risers at drip pointsin
manholes and pitch them down to the next drip point. This method should dso be
used for very long horizonta runs, above or below ground, to keep piping within a
reasonable range of eevation.

Counterflow. Where counterflow of condensate within steam pipe may occur
because stepped construction cannot be built, or steam flow is reversed in aloop
system, that portion shdl be pitched up in the direction of steam flow a minimum of
6 inches per 100 feet. Pipe diameters shal be increased by one standard pipe Size.

Compressed Air and Fudl GasLines. Pitch compressed air and gas piping in
the same manner as seam piping.

Pumped Water Pipe. Pitch these pipes (condensate, HTW, CHW, or condenser
water) up or down in direction of flow. Drain vaves shal be placed at lower
points.

b. Dripsand Vents.

1)

2)

Drip legs shdl be provided to collect condensate from steam piping and
compressed ar piping for removal by automatic moisture from steam piping and
compressed air piping for remova by automatic moisture traps, or by manua drain
vavesfor compressed air piping, when practicable. Drip legs shdl be a low
points, at bottom of risers, and at intervals of gpproximately 200-300 feet for
horizontaly pitched pipe where atrap is accessble, or not more than 500 feet for
buried underground pipe systems.

Water Piping. Piping, especidly high temperature water piping, shal be vented a
digribution high points.

c. Condensate Piping.

1)

2)

Drip Traps. Furnish acomplete system of drip trgps and piping to drain steam
piping of condensate from drip legs. Drip piping to traps shal be the same weight
and materia as drained pipings.

Traps. A trap may be discharged through a check valve into pumped condensate

95



ARSMANUAL 242.1
Congtruction Project Design Standard August 30, 1991

lineif pressurein trgp discharge line exceeds the back pressure in condensate line
during standby or an intermittently operated pump. Preferably, a condensate line
from atrgp should run separately to a gravity condensate return main or to a nearby
flash tank.

3) Trap Discharge Piping. Piping shdl be pitched down a minimum of 3 inches per
100 feet to collecting tank of a condensate pump set or to agravity return, unless
there is sufficient pressure in asteam line to overcome friction and stetic head
whether leve or pitched up.

55.11 Anchorsand Supports.
a.  Anchors,

1) Location. Locate anchors a takeoffsfrom main and other pointsthat contain
pipeline expansons. If possible, anchors should be located in buildings, tunndls,
and manholes with access provided.

2) Design. Anchors shdl be designed and located in accordance with ANS| B 31,
Code for Pressure Piping.

3) Strength. Anchorsshdl be strong enough to withstand expansion. With
expangon joints, additiona reaction to internd fluid pressure shal be considered.

4)  Guying. On aboveground systems at high eevation, ends of structurd sted
anchoring pipes to poles shdl be guyed pardld to pipeinein both directionsto
concrete deadmen by wire rope and turnbuckles, if necessary.

5) Embedding. In underground concrete trenches, ends of structural stedl shapes
anchoring a pipe may be embedded in trench walls or floors.

b.  Supportsshdl conform to ANS B 31, Code for Pressure Piping.
1) Low Elevation. For aboveground systems at low eevation, concrete pedestals,

sted frames or treated wood frames may be used and spaced, depending on pipe
gzes.

96



ARSMANUAL 242.1
Congtruction Project Design Standard August 30, 1991

55.12

2)

3)

4)

High elevation. At higher eevations, pipelines may be supported on wood, sted!
pipe, H-section sted, reinforced concrete, pre-stressed concrete, poles with
crossarms, or stedl framework fitted with rollers and insulation saddles. Depending
on gSte conditions details will vary.

Long Spans. When these are necessary, cable-suspension or catenary systems
may be used with supports up to four feet gpart.

Under ground Conduits. Supports for underground conduits shdl be
manufacturer's sandard design.

Distribution Circuits and Routes. Sdlect atype of circuit that is economical; easy to
operate, balance, and control; and is suitable for the terrain.  Circuits easiest to balance and
control are those where pressure and temperature differences are fairly constant between
supply and return branches. Digtribution routes for piping shdl conform to the following:

a

Preiminary Planning. The following factors shall be consdered.

1)

2)

3)

4)

5)

Alternate Routes. Plan severd aternate, direct routes for each service pipeine
from its source to load ddlivery center, dlowing for future expanson.

Pressure Drop. From alowable pressure drop and find length of the line,
determine pressure drop per 100 feet. note maximum flow between each load
center and Size different pipe sections accordingly.

Obstacles. From afield survey, note obstacles for each route.

Economy. Sdect the route economicaly justified. Make full use of basements,
crawl spaces, and atics; connecting corridors between buildings, and tunnels and
concrete trenches. High-pressure fud gas, steam, and HTW piping inside buildings
should be avoided where safety is reduced.

Future buildings should be consdered and a route planned that will easily supply
them.

Piping Layouts. Piping shal be planned and positioned as below
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1)

2)

3)

Parallel Piping. Determine which lines between same points should pardle esch
other (such as supply and return), or should be separate (such as steam lines
separate from chilled water lines). Minimum clearance between conduitsin a
trench should be 6 inches.

L ocation. Determine locations of expansion bends or loops, anchors, takeoffs,
and drip points.

Map. Lay out each pipe system on a scaled contour map of the Ste and on a
profile drawing of the route. Indicate obstructions such as streams, roads,
raillroads, buried tunndls, concrete trenches, drainage, piping, sewers, water piping,
electrica conduits, manholes, and other service piping.
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6.1.1

6.1.2

6.1.3

CHAPTER 6. ELECTRICAL SYSTEMS
PART 1. GENERAL

Scope. This chapter presents data and considerations necessary for proper design selection of
electrica power source and distribution syslems. The criteria covers load estimating factors,
electrica power sources, digtribution systems, illumination, communication, signding, specid
equipment, and repair and dterations for ARS buildings.

Policies.

a

Local Codes. Desgn and inddlation of interior lighting, electric power facilities, and
roadway lighting systems should conform, as far as practicable, with adjoining community
regulations and standards.

Design Analysis. Desgn andyss covering dectrical sysems shdl be madein
accordance with good design procedures based on conservation of energy, and shdl
show dl calculaions used in determining capacities and ratings of components of
electricd sysems. Methods and tabulations used in Sizing conductors, raceways, and
protective devices, and other equipment necessary to complete a system which requires
other than routine methods, shdl beincluded. Equipment of at least three manufacturers
shall be capable of being ingtaled, serviced, maintained, and replaced in the space
avalable.

Codes and Standards. Codes, standards, specifications, etc. used as the basis of design shall
be the latest editions including amendments, or revisons. Work not described in this chapter
shdl be accomplished in accordance with the following applicable publications:

a

b.

Nationa Fire Protection Association (NFPA)/ National Electrica Code (NEC).
National Electricad Manufacturers Association (NEMA).

Indtitute of Electrical and Electronic Engineers (IEEE).

Edison Electric Inditute (EEI).

Insulated Power Engineers Association (IPEA).
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American Nationd Standards Indtitute, Inc. (ANSI) and ANSI C-2, The Nationa
Electrical Safety Code.

American Society for Testing and Materias (ASTM).
Underwriters Laboratories, Inc. (UL).

[lluminating Engineers Society (IES).

Rules and Regulations of the loca eectric companies.
ANSI/ASME Elevators and Escalators Safety Code A17.1.

Occupationd Safety and Hedlth Adminigtration (OSHA) Regulations.

6.1.4 Coordination. The eectricd design shdl be coordinated with the architecturd, structurd, and
mechanica desgns. On dterations projects, the A-E shdl make such viststo the site as are
necessary to ensure coordination with existing work.

6.1.5 Economic Design.

a

General. Electrica systems shal be designed to permit acceptable competitive bids.
Equipment and systems shdl be efficient and economical in congtruction, operation, and
maintenance.

To avoid excessiveinitid codt, keep the number of circuits to a minimum without
compromising the final Size of the feeder or voltage drop of primary feeder.

Where a group of large motorsis to be served by a digtribution system, establish the most
economicd voltage for the common size motor, and adopt a voltage for distribution.

6.1.6 Economic Analysis. The A-E shdl perform an economic analyss of power sourcesto
determine the optimum scheme.  The following factors shall be considered:

a

b.

Primary versus secondary metering.

Government-owned versus ectric utility-owned transformers.
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c.  Useof medium-voltage motors for large equipment, such as compressors, pumps, etc.

d. Freguency of service interruptions to the extent that they affect the selection of equipment.
e.  Amortization costs for replacements or additions.

f.  Individua versus combined metering.

g Cost of power factor correcting capacitors where rate schedules pendize low power
factor.

6.1.7 Congtruction Documentation. Submisson shdl indude the complete drawings, fully
developed project specifications, design caculations, analyses, and other required documents.

6.1.8 Project Specification. Specification shal include sizes, capacities, and eectricad
characteristics of mgor dectricd equipment. Such information shal be indicated on working
drawings.

6.1.9 Manuals. Operating and maintenance manuals shal be provided for each of the following
classes of equipment:

a.  Electrica systems (switchgear, control panels, etc.).
b.  Specid systems (sound, fire darm, etc.).
c. Emergency systems (generator, battery, etc.).

6.1.10 Design Calculations. Load demand, voltage drop, short-circuit, and motor starting
caculations shdl be prepared for feeder and typica branch circuits to substantiate design.

a.  Building Load. Building feeder load caculations shdl include requirements for:

1) Power (equipment receptacles)

2) Lighting

3) HVAC

4)  Miscelaneousloads

5)  Specid loads (dlevators, food service, computer rooms, €tc.)

6) Sparecapacity.
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b.  Short-Circuit Coordination Study. Short-circuit and coordination studies for
three-phase and single-phase-to-ground faults shal be made to salect properly rated
equipment and protective devices for the fault currents available. Overcurrent and other
protective devices shal be selected and set to provide proper selectivity and protection.
Coordination shal be achieved with the source supplying the building or facility and
extend to dl the downsiream devices.

1) FuseCoordination. Fuses must be coordinated with al other circuit protective
equipment in the system. Use time-current curves of al devices in the system, from
the source to the fuse.

2)  Provide coordination of the ground fault devices and components to insure sdlective
tripping of devices and components.

3)  Hlectric Utility Coordination. Design and congtruction of the primary digtribution
system shdl be coordinated with the requirements of the eectric utility. Desgn
drawings, specifications, and shop drawings shdl be submitted to the ectric utility
for review. Obtain gpprova in writing from the utility indicating eectric utility
concurrence with coordination.

4)  Specify that contractor must complete and provide a report on the short-circuit and
coordination study or power system andlysis by aqualified professond engineer
experienced in thiswork. The report shdl include, but not be limited to, al
caculations, relay, bresker, and/or fuse set values and curves for each system
configuration, nondescripts testing of system to insure conformance, and
coordination of ground fault devices and components.

c. VoltageDrop. Cdculationsshdl be madefor feeders, unusualy long branch circuits,
and large motors under starting conditions. Caculations shall show each significant motor
KVA inrush requirement in comparison with dectric utility limitations, and resultant sarting
voltage drop at the associated switchgear assembly that serves lighting feeders. The
darting voltage should not cause a voltage drop of more than 2 percent at lighting feeder
in switchgear assembly.

d. Lighting. Cdculaionsshdl be made for each significant area. Caculations shdl follow

the IES Lighting Handbook; point-by-point calculation of nonuniform task-oriented office
lighting may be done by compuiter.
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PART 2. PRELIMINARY DESIGN CONSIDERATION

6.2.1 Preliminary Data.

a

L oad Data. Before specific power sources and distribution systems can be considered,
redistic prdiminary load data, including master planning requirements, shall be compiled.
Expected power demand on intermediate substations and on main power supply should
be caculated from connected load layout. Determine these factors by load analysis and
by combining loads progressively. To combine load, Sart a ends of smallest feeders and
work back to power source. Priminary estimates of lighting loads may be made by
assuming watts per square foot of building area.

Load Analysis. Analyze characteristics of each load to determine appropriate load
estimating factors. Consder items such as environmental conditions of westher,
geographica location, and working hours, as the Stuation dictates.

6.2.2 Estimation of Loads.

a

Individual Loads. Individud loads are those with one incoming service. In generd,
these loads would comprise single structures.

Lighting Load. Divide fadility areainto significant components by function. Determine
average lighting level and type of light source for each area.

Power load. Power load shdl include loads other than lighting loads and those served by
general purpose receptacles.

System L oss. System loss of gpproximately 6 percent, based on cal culated maximum
demand, shal be added to the building load.

Load Growth. Determine requirements for load growth for anticipated usage and life
expectancy with particular attention to possibility of adding heavy loadsin the form of
ar-conditioning, electric heating, eectric data processng, and e ectronic communication
equipment. Before determining the Sze of service and method of digtribution to a facility,
an economic analyss shdl be made to determine the most feasible way of serving this
future load.
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Emergency Loads. Determine emergency power requirements based on three types of
loads:

1)  Minimum essentid load.
2) Emergency load for vitd operations.
3)  Uninterruptible (no-breek) load.

When the three categories of emergency power requirements have been ascertained,
determine where loca emergency facilities are required, where loads may be grouped for
centraized emergency facilities, and what loads are satisfied by the rdiability of the
generd system.

Area L oads. Arealoadsconss of groups of individud facility loads served by a
subdivison of the eectrical digtribution systlem. The term area gpplies to the next larger
subdivison of an overdl didribution sysem. Demand loads for an area must be known
for 9zing the digtribution wiring and switching.

6.2.3 Selection of Power Sour ce.

a

Primary. The primary source shal have sufficient capacity to provide for pesk dectric
power demand during normal operations.

Standby. The standby source shdl have enough capacity so that it done can supply
minimum essential operating dectric load of the building and, when added to capacity of
primary source, will provide a combined capacity sufficient to furnish the estimated pesk
demand under mobilization conditions.

Emergency. Emergency sources, usudly one or more engine-driven, manua or
autométi c-tarting emergency generators, shdl have sufficient total capacity to provide
electric power demand for vital operations. Vita operations permit power interruption
only for relatively short durations. The emergency source shdl have

sufficient capacity to provide continuous adequate supply for vital operations.

6.2.4 Uninterruptible (No-Break) Power. A power system is necessary for certain research
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6.2.5

6.2.6

6.3.1

6.3.2

activities, critica eectronic equipment, or computer rooms with functions that require a
continuous power supply. This power system is defined as one that, under al conditions, will
provide suitable power to acritica load without interruption. The no-bresk system must be
cgpable of supplying power of suitable quality during voltage fluctuations or surges, or fault or
ground conditions. Successful operation of critical spares depends on power system reiability.
In designing no-break Uninterruptible Power Supply (UPS) systems, it isimportant that the
system be as smple as possible, using basic gpplications of power system design practices
which have been proven sound and economica for the purpose on alife-cycle bass.

Installation of Distribution System.
a.  Overhead Method for General Application. Overhead lines shall be avoided.
b. Underground Methods. This method shdl be used if norma conditions exi<.
Grounding of Digtribution Systems. Solid grounding shdl be used for automatic clearing of
ground faults. Use only on secondary systems or where impedance of transformersis included
in zero-sequence path. This connection shall be avoided for grounding of generators where
sngle-phase fault current at terminals will exceed three-phase fault current for which they have
been braced.

PART 3. SERVICES

Service Selection. Sdection of service characterigtics shal be based on the economic
andyds.

Service Char acteristics.

a.  Primary service. Where primary serviceis selected, three-phase service should be
provided, and any voltage class of 34.5 kV or less may be used.

b. Secondary Services. Secondary service shal be either 208Y /120 volt or 480Y /277
volt, three-phase, 4-wire service.

c. Metering. Regardiess of operating agency, buildings shdl be provided with arevenue
primary or secondary metering installation ahead of the main disconnecting device.
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6.3.3

6.3.4

6.3.5

6.3.6

6.3.7

d. Service Equipment. Locate equipment at service entrance point. Use circuit breakers.
Sdlect the most economica devices to accommodate short-circuit and normal current
requirements.

e.  Short-Circuit Consderations. Devices must be able to clear any fault on secondary
systems without damage when service conductors are connected to low-voltage network
systems, wherein service protective devices and entire utilization system shdl be
subjected to large short-circuit currents.

Service Equipment Rooms. Utilities shdl be accessible, and equipment rooms shdl be sized
to provide sufficient space for maintenance. If dectrical equipment islocated in an
electrica-mechanical equipment room, adequate space for eectrica equipment shal be
reserved.

Vaultsfor Utility Transformers. If pace conditions require that the dectric utility's
transformers be ingalled on Government property, they nay be pad-mounted outside the
building, or ingdled in vaults within the building. Vaults shdl be condructed as part of the
building and shal meet the utility's requirements.

Service Feeders.

a.  Number. The number and arrangement of incoming feeders shal be based on
requirements for maximum uninterrupted service, large motor inrush characterigtics, and
the rdiability of the distribution system.

b. Capabilities. Electrica rating of each service feeder shdl be based on the sum of
distribution feeder requirements, future loads, and system demand and diversity factors.
Neutrals of secondary services shdl be full size, where required, to carry eectrica
discharge lighting, data processing, or smilar equipment loads where there are harmonic
currents present.

Service Feeder Conduits. Conduits for service feeders shdl be extended underground from
the point of connection with the eectric utility's system to the exterior wall of the room or vault
in which main service disconnecting equipment is located.

Service Disconnecting Equipment.
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6.3.8

6.3.9

Primary Disconnecting Equipment. For projects having only two incoming feeders,
each feeder shdl be provided with a metal-enclosed interrupter switchgear assembly.
Each feeder shdl supply two unit subgtetions. Interrupter switchgear for asingle incoming
feeder may be combined with the unit substation.

Secondary Disconnecting Equipment. Service disconnecting devices shdl be
low-voltage power circuit breakers or molded case circuit breakers. Power circuit
breakers shall be used for secondary services that have ratings in excess of 600 amperes.

Ratings. Continuous current ratings of service disconnecting devices shdl be caculated
on the same basis as the capacities of the feedersthey serve. Interrupting capacities of
disconnecting devices shal be not less than the fault currents available at the point of

application.

Electric Utility Equipment. Service equipment to be furnished and/or installed by the eectric
utility shdl be shown and identified on drawing and listed in specifications. Each point a which
materid furnished by the utility terminates or is connected to materid furnished by the
congtruction contractor shall be clearly specified or shown on drawings.

Ground Fault Protection.

a

Application. Ground fault protection (GFP) shall be applied as required by the NEC.
Additiond GFP shdl be required on feeder and branch circuits on two levels to achieve
sdectivity and continuity of service.

Selection. Economics shall be balanced against the cost of outages and potentia cost of
research loss or equipment damage to arrive at a practical system. Each system shdl be
andyzed individudly. The following factors shdl be consdered in sdlecting GFP.

1) Typeof power digtribution.

2) Rdiability required.

3)  Neutrd circuit complexity.

4)  Number of ground return paths.
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6.4.1

5) Rating and gpplication of protective devices.

6)  Setting of protective devices.

Special Considerations. Particular care in the gpplication of GFP systems shall be
taken when there are anumber of ground return paths to the service transformer via
building sted and earthground. GFP equipment shdl be desengtized by fault current
flowing directly to the transformer. Solutions to the desenstizing problem follows.

1) Useof zero-sequence ground sensor encircling the phase and neutral conductors.

2) Useof resdualy connected individual sensors on each phase and neutral conductor

to detect current imbaance.

3) Isolaion of equipment grounds from building sted and earth ground (except &
savice).

4)  Source ground current transformers (on neutra).
Systems. The two commonly used sysems are;
1) Resdudly connected.

2) Zero-sequence.

The type of system far a project shdl be determined by the factorsin b and ¢ above, and

circuit bresker coordination caculations.

PART 4. ELECTRICAL EQUIPMENT ROOMS

Planning. Separate eectrica rooms shal be provided for medium-voltage and low-voltage
switchgear assemblies and for power, distribution, and substation transformers. Rooms shdl be
located where they will be readily accessible, but free from the danger of flooding. They shdll
not be located immediately below or opposite building entrances, in areas that require sump

pumps for drainage, or in sub-basements more than one floor below street level. Each room
shdl be provided with an gppropriate number (regarding fire safety) of exit doors with panic
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6.4.2

6.4.3

6.4.4

6.4.5

6.4.6

6.5.1

6.5.2

hardware which shall open into space that isaccessble at adl times. Exit doors shall not open
into stairways, toilets, gear rooms, or shop spaces that may be locked.

Clearances. Clearances and spacing of dectrica equipment shal conform with the
requirements of NEC. Aidewidths shal be increased wherever necessary for the use or
storage of bresker removal equipment.

Concrete Curbs. Continuous concrete curbs shdl be provided around each liquid-filled
transformer or group of transformers. Curb height and area enclosed shal be adequate to
contain the liquid from the largest transformer in the group in the event of tank rupture.

Equipment Removal. Rooms and adjoining areas shal include clearances, suitable doors,
removable windows, pands, or other meansto alow eectrica equipment to be removed and
replaced. Arrangement shall permit these operations without cutting or removing wals, floors,
structural members, and other equipment. Equipment shal be ingtalled in sections or
subassemblies whereit isimpossible to provide other means for remova. This requirement
ghdl be defined in drawings and specifications. Also, floor loading and access to building exit
by vehicles shdl be considered and specified.

Lighting. Norma room lighting shal be described in Part 10. Provide an exit Sgn over the exit
door and emergency lights with a minimum of one foot-candleillumination. Lights for ectrica
and mechanica rooms shall be connected to the emergency generator, if available, or shal have
90-minute battery backup.

Ventilation. Provide athermogaticaly controlled exhaust fan to remove heat buildup. Where
possible, makeup air shdl be obtained directly from the outside. Provide fire dampers as
appropriate to maintain fire rating. Coordinate requirements with the mechanica design.

PART 5. PRIMARY DISTRIBUTION SYSTEM
General Description. The primary digtribution system shal consst of Government-owned
incoming feeder conduit banks, medium-voltage meta-clad switchgear, distribution feeders and
raceways, substations, and auxiliary switchgear and secondary unit substations shal be
substituted for the corresponding equipment items indicated above.

Distribution Feeders. The capacities of medium-voltage distribution feeders shall be
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6.5.3

6.5.4

determined on the same basis as primary service feeders. A separate feeder shdl be provided
for each transformer in a primary substation. Feeders supplying secondary substations may
serve more than one transformer, provided continuity of serviceis not impaired.

Feeder Raceways.

a

Electrical Equipment Spaces. In ectrica equipment rooms, dectrical closats, and
smilar spaces, medium-voltage didtribution feeds shdl be ingaled in gavanized sted
conduit, and horizontal runs shdl be overhead. However, cable trays may be used to
support medium-voltage distribution feedersin dectrica equipment rooms. Exposed
power cables shall be fireproofed throughout. Top connections shal be provided to the
transformers and switchgear assemblies.

Risers. Conduits for medium-voltage feeder risers shal be galvanized sted. When they
arenot in dectrica closets, dectrical equipment rooms, or transformer rooms, each
conduit or group of conduits shal be protected as required by the NEC.

Structural Coordination. Design of interior and exterior medium-voltage distribution
systems shall be coordinated with the structura design features to ensure that structural
drawings show dl details of supports, reinforcement, dowels, etc. required for a
satisfactory indalation.

Primary Substations.

a

High Voltage. Where primary service voltage exceeds 15 k/v, aprimary substation
shall be provided by the dectric utility to reduce the voltage. The subgtation shdl be of
joint use and may include the Government-owned, medium-voltage metad-clad switchgear
required for the Site digtribution system. The firm capacity of the subgtation shdl be
determined by the dectric company.

Medium-Voltage. Primary subgtations shdl be provided where required to supply
power for large medium-voltage motors, such as those driving air-conditioning
compressors and pumps. Outgoing distribution voltage shal be 4.16 kV. Thefirm
cgpacity of each subgtation shdl be equd to the sum of the kVA ratings of the
medium-voltage motors served at a demand factor of 100 percent. Total transformer
capacity provided shall equd, or exceed, the calculated firm substation capacity, but shall
not include reserve capacity.
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6.5.6

6.5.7

Secondary Substations. Secondary substations shdl articulate unit type, conssting of a
transformer and primary meta-enclosed interrupter switchgear and secondary switchboard.
Where a project requires asingle unit substation served by a single medium-voltage feeder, the
service disconnecting and metering equipment shal be integrated with the primary switchgear.
Where two primary feeders serve two unit subgtationsin the same location, they shall be
arranged for secondary selective operation; but shal not be double ended unless specified.

Batteries. Those projects requiring high-voltage or medium-voltage circuit breskers shal be
provided with a 125-volt DC storage battery bank. Each bank shall be monitored so that an
adarm will sound when the voltage fals below that required to operate the trip coil. Power shdl
be provided to circuit breakers, as described in athrough d below, for operation of breakers.

a  Battery bank shall be of the nickd-cadmium, lead-acid, or lead-calcium type.

b. Batery bank shdl have capacity to carry continuous loads (relays, indicating lamps, €tc.)
for 8 hours and perform either the tripping or the closing operation described below with
the charger de-energized and afind voltage of not less than 105 volts. Simultaneous
tripping of breskersin the primary system shall be required. Closing operation shdl
require closing the largest Single bregker, if the ingtalation contains fewer than four circuit
bresker. Bresker closing current shdl include spring release coil current and starting
current of the spring charging motor.

c. Ratingsfor baiteries shal be obtained by assuming that duration of the tripping or closing
load is one minute, and adding the equivaent of the continuous load for 8 hours. A safety
factor of 1.80 shdl be applied for small projects, and a safety factor of 1.40 for large
projects.

d. Each battery bank shdl be provided with static charging equipment fed from an
emergency panelboard. Battery bank and charging equipment shdl beingdled in, or
near, the medium-voltage switchgear room. Batteries, racks, charging equipment,
auxiliaries, etc. shdl be shown on drawings. Adequate space for maintenance shal be
provided.

Unit Substations.
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6.6.1

Primary. Primary unit subgtation shdl consst of aprimary termina chamber, a
three-pole, three position disconnecting and grounding switch, a power transformer, and
an outgoing feeder section close-coupled as an integrated unit. Primary termina and
switch chambers shdl be welded to transformer enclosures or tank. Transformer shdl be
adry type or ahigh-fire point, liquid insulated type. Outgoing feeder section shal be
contained in a suitable sted housing welded to the transformer enclosure or tank. Space
shdl be provided within the housing for the fused potentid transformer required for
metering and control. Primary termind chamber and the outgoing feeder section housing
shal be arranged for top connection of the feeder conduits.

Secondary. Secondary unit substation shal consst of a medium-voltage fused
load-interrupter switch, atransformer, alow-voltage section, and necessary transition
sections close-coupled as an integrated unit. Primary service disconnecting and metering
equipment shall be included where required. Transformer shdl be ether high-fire point,
liquid-insulated, or ventilated, dry type. A ventilated, dry transformer shdl be used only
when the rating does not exceed 500 kVA, where dust and moisture conditions are
favorable, and where the sound level will not be objectionable.

PART 6. SECONDARY DISTRIBUTION SYSTEM

General. Wire and conduit size shall be based on use of copper conductors. Aluminum
conductors are not acceptable. Insulation shall be rated 75° C or more in areas subject to
abnorma hesat, such as boiler room.

a

Where 480Y /277-valt, three-phase, 4-wire service is provided for fluorescent lighting
and power, dry type transformers shdl be instaled to provide 208Y/120-volt current for
incandescent lighting, receptacles, smdl motors, etc.

Motors smaller than 1/2 horsepower may be connected to 120-volt single-phase circuits.
One-half horsepower and larger motors shal be connected to three-phase circuits,
except where single-phase motors are furnished as standard factory assembled parts of
meachines, such as kitchen equipment and window-mount air-conditioners.

Feeders supplying al, or part, of the eectrical power or service to |aboratories shall

contain a separate green insulated grounding conductor sized in accordance with the
NEC.
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6.6.2

6.6.3

L ow-Voltage Switchgear Assemblies.

a

General Requirements. A low-voltage switchgear assembly (dead-front switchboard
or meta-enclosed power switchgear) shdl be provided for each building and secondary
substation that requires secondary service rated more than 600 amperes. Secondary
service disconnecting devices and metering equipment, where required, shdl be included
in main switchgear assamblies. Each switchgear assembly shdl include

acircuit breaker for each outgoing feeder. Devices shall be the drawout type.

Types. Switchboard shdl be enclosed, dead-front. Low-voltage metal-enclosed
switchgear assemblies with low-voltage power circuit breskers may be used when the
total load exceeds 2,000 amperes.

Expansion. Each low-voltage switchgear assembly equipped with circuit breskers shdll
be provided with one spare circuit breaker and two spaces (completely equipped
compartments without breskers) for accommodation of future loads. Ratings of spare
breskers and future breskers shal be indicated on drawings duplicating retings of active
breakers. Where known loads are anticipated in the near future, spare units al be
provided. When possible, switchgear assemblies shdl be arranged so that additional units
may be ingdled.

Overcurrent Protection. Short-circuit protective devices shdl provide continuity of service,
and short-circuit ratings shal be based on values resulting from system coordination. Selection
of overcurrent protective devices for low-voltage switchgear assemblies shal be made on the
basis of load current, available fault current, and selective operation.

a

L ow-voltage Power Circuit Breakers. Bregkers with drawout mountingsin
metal-enclosed switchgear shall be used when trip rating is above 200 amperes. Where
interrupting capacity of the bresker aone is inadequate or where cost of a breaker of
adequate interrupting capacity is not judtified by service requirements, breakers and
high-interrupting-capacity current-limiting fuses may be used in combination.

Molded-case Circuit Breakers. Breskerswith fixed mountings may be used in
switchboard when trip ratings are not over 800 amperes and their interrupting capacities,
with or without current-limiting devices, are adequate. Molded-case circuit breskers
shall not be connected to buses of ameta enclosed switchgear assembly consisting
mainly of low-voltage power circuit breskers. When molded-case breskers are used for
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aswitchgear assembly, they shall be segregated on a separate switchboard section or
panelboard section having its own buses fed through alow-voltage feeder bregker.

c.  Switches. Place switches where necessary for isolation purposes. To determine switch
ratings, follow the procedure outlined for circuit breskers. Switches shall be derated to
80 percent of maximum capacities.

d. Fuses. Locate fuses where required to protect low voltage sgnaing and control circuits
againg overloads or short circuits. Determine rating of fuses, based on voltage, current
carrying capacity, and interrupting capacity. Takeinto condderation al forms of inrush
current.

6.6.4 Motor Control Centers. Motor control centers (MCC) with NEMA Class| Type B wiring
and combination motor starters and current breaker disconnects shdl be provided, in lieu of
separately mounted motor starters, where severd motors are located in close proximity.
Unlessthe MCC islocated in sght of, and within 25 feet of amotor it controls, a disconnect
switch shal be provided a that motor. The mechanica engineer shdl be responsible for
specifying proper types and sizes of motors and controllers and for indicating their locations on
drawings. Thisinformation must be given to the dectrica engineer who shal be responsible for
providing suitable feeder sizes, switchgear and transformer capacities, etc. to service motors,
and for sdecting line voltages and other current characteristics in cooperation with the
mechanica engineer.

6.6.5 Pandlboards.

a  Types. Didribution paneboards shdl be equipped with automatic circuit breskers of the
quick-make quick-break type. Lighting and appliance branch circuit panelboards shall
be equipped with automatic time delay circuit breskers.

b.  Distribution Panelboards. A main digtribution pandboard shal be provided with a
system that requires secondary service rated 200 to 600 amperes. The main panelboard
shall have an overcurrent protective device for each lighting and appliance panelboard. A
main distribution panelboard will not be required in a building having ether two or three
lighting and appliance pandboards and a service disconnecting device with arating of
200 amperes or less. Branch circuit overcurrent protective devicesin adistribution
panelboard shdl have atrip rating not lower than the caculated |oad of the feeder served
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but not exceeding 800 amperes. Each didtribution panelboard shal be provided with a
number of spare overcurrent protective devices with appropriate ratings and space for
anticipated load growth.

Branch Circuit Panelboards. The requirements below shdl gpply to lighting and
appliance branch circuit panelboards.

1) Pandboards shdl be arranged so that each shdl contain from 30 to 42 branch
circuits, including spares and spaces. The number of spare overcurrent devices and
gpaces for future overcurrent devices shdl not be less than 10 percent of the active
circuits. Overcurrent devices shall have 20-ampere ratings, except where higher
ratings are required. Overcurrent devices for No. 14 AWG conductors in existing
congruction shal have a 15-ampererating. Devices for motor circuits shal have
the highest ratings permitted by the NEC for the associated motors and Starters.
Plug-in breakers are not acceptable.

2) Emergency Panelboards. Emergency pandboards shdl be provided to supply,
through independent circuits, exit lights, airway lights, emergency lights, building
controls, fire pumps, fire darm and other fire protective systems, and critica
research equipment. Emergency pand boards (distribution and branch circuit) shal
be fed from one of the sources described in Part 9.

6.6.6 Electrical Closets. Except asindicated ini below, eectrica closets shall enclose
panelboards, feeder conduits, busways, and dry type transformers.

a

Spacing. Electrica closats shdl be spaced so that 277-valt circuits will not exceed 200
feet in length and so that 120-volt circuits will not exceed 100 feet in length. Latter
gpacing shall be provided where both 277-volt and 120-valt circuits are fed from the
same closet. The above spacing shal be modified to suit underfloor raceway
requirements and to suit telephone closet requirements, as necessary, where eectricd and
telephone closets adjoin.

L ocation. Electrical closat locations shdl be determined early in the design of abuilding
and shown on design development submission drawings. Closets shdl be arranged
verticaly, one above the other, and shal be accessible from corridors or public spaces.
In no case shal access be through another wire closet or from atoilet, toilet vestibule,
dairway, or stairway landing. Closets shdl not be located where entry of conduits or
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underfloor raceways is blocked by obstructions such as columns, shear walls, toilets,
sairways, flues, janitor gear rooms, service closets, mechanical equipment spaces, vaullts,
elevator hoistways, and pipe and duct shafts. Where eectrica and telephone closets
adjoin, the telephone closet should have the position more ble to the underfloor
raceway header capacity. Adjacent eectrical and telephone closets shall be provided
with a 2-inch deeve for interconnections.

c. Size. Closat shdl be ample enough to contain equipment and terminationsin initia
ingdlation and to dlow anticipated future expansion.

d. Arrangement. Equipment in each eectricd closat shal be arranged for maximum
bility. To minimize sound transmission, dry tape transformers shal be mounted
preferably on the wal or hung from the ceiling to afford maximum working floor space.
Contract drawings shdl include detail drawings showing the arrangement of equipment,
busways, risers, deeves, transformers, panelboards, tap boxes, junction boxes, cable
anchor boxes, wire troughs, and other eectrical itemsto beingaled in closets. Where
busways pass through closet floors, concrete curbs about three inches high shdl be
provided around openings. Vertica joints between curbs and wals shall be caulked.

e.  Future Additions. Whenitisknown that a building is designed for future expansion,
deeves shdl be provided in dectricd closetsfor dl feeders, communication system
conduits, etc. required to serve the future load.

f.  Ventilation. Ventilation shall be provided, as required, to prevent temperature from
exceeding 100° F.

g Lighting. SeePart 10.

h.  Receptacles. A duplex receptacle shdl be provided in each eectrical closet.
Receptacles shdl beingalled in the wal 12 inches above the floor and connected to a
separate 120-volt circuit in abranch circuit panelboard.

I Fireproofing. Where sprayed-on fireproofing is used on the underside of cdllular stedl
floors over dectrica closets, suspended ceilings or other means shall be used to cover

fireproafing.

J. ClosetsNot Required. Electrica closets may not be required in certain buildings.

116



ARSMANUAL 242.1
Congtruction Project Design Standard August 30, 1991

6.7.1

6.7.2

Pandboards may be mounted on walls and columns. Wall-mounted panelboards shdl be
recessed. Accessto pand for future circuiting and dry tape transformers, if required, may
be ingtalled above accessble ceiling spaces.

PART 7. UNDERGROUND DISTRIBUTION SYSTEM

Direct Burial. Ingal direct burid cablesin areasthat are rarely disturbed. Redtrict direct
burid to light loads and to street lighting systems. For protection against mechanicd injury,

high-voltage direct buria cables shal be provided with a protective covering of sted armor.
When corrosion congderations are of importance, armored cables shdl be provided with a
plastic or synthetic rubber jacket.

Duct Lines.

a

Routes. Sdect duct routes to baance maximum flexibility with minimum cost and
avoidance of foundations for future buildings and other structures.

Multipur pose conditions. When it is hecessary to combine communication lines with
power digtribution lines, provide two isolated systems in separate manhole compartments.
Where possble, run ducts in same concrete envelope.

Clearance. Electricd ducts shdl be kept clear of other underground utilities, especidly
high-temperature water or steam pipes.

Materials. Acceptable sandard materials include fiber, clay, plagtic, and sogpstone.
Size of Ducts. When sizing conduits, consider the fallowing:

1) For generd digtribution, standard design requires ducts of 4 or 5 inches.

2)  For communication duct banks, aminimum size of 3 inches may be acceptable.
Arrangement of Duct Banks. For the best configuration, use an arrangement two

conduits wide. This arrangement requires only a narrow trench, provides good hegt
dissipation, and enables cables to be more easly stacked on the manhole walls.
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6.7.4

6.7.5

Minimum Coverage. Top of duct banks shal be kept to a minimum of 18 inches below
grade. Under roadways and runways, a minimum coverage of 24 inchesisrequired, and
under railway tracks, 36 inches.

Drainage. Drain ducts to manholes with a constant dope of 3 inches or more per 100
feet. Where two manholes are a different eevations, asingle dope following the generd
dope of the terrain may be the most economical. When grades are flat or crest between
manholes, asingle dope requires too much depth in one of the manholes.

Spare Capacity. New underground systems shdl include sufficient ducts for planned
future expangon.

Manholes and Handholes. Two-section manholes shdl be used where power and
communication lines follow the same route.

a

Selection. Factors bearing on the choice of manholes and handholesinclude: number,
direction, and location of duct runs; cable racking arrangement; method of drainage;
adequacy of work space (especidly if equipment isto beingaled in the manhole); and
Sze of the opening required to ingal and remove equipment.

L ocation. Place manholes or handholes. 1) as required for connection or splices; 2) at
Sreet intersections, and 3) where necessary to avoid conflict with other utilities. Manhole

separation shal not exceed 600 feet on straight pulls and 300 feet on curved duct runs.
Decrease spacing where necessary to prevent ingtallation damage.

Stubs. Where an extension is anticipated, provide a set of stubs so that the manhole wall
will not be disturbed when an extension is made.

Underground Cables. Cable costs make up alarge portion of initid investment and future
maintenance operating costs, and system rdliability. These costs are important in selecting
underground cables and accompanying protective and operation devices.

Underground Transformers. Use vaults to house transformers and associated equipment for
underground distribution systems.

a

Vault Design. Shdl include the following provisons:
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6.8.1

1)

2)

3)

4)

Adequate ventilation shal be provided to prevent a transformer temperature in
excess of the values prescribed in ANSI C57.12.00. This limitation requires that
most eectric heat losses must be removed by ventilation; only aminor part can be
dissipated by vault walls. The NEC NFPA No. 70 recommends 3 square inches
of clear grating area per kilovolt-ampere of transformer capacity. In locditieswith
above average temperatures, tropica or subtropical, this area should be increased
or supplemented by forced ventilation, dependent upon temperature extremes.

Adequate access shall be provided for repairs, maintenance, ingalation, and
remova of equipment.

Isolation shal be provided to prevent communiceation of fires of explosonsto
adjacent vaullts.

Vaults shdl be provided with drainage. When normad drainage is not possible,
provide a sump pit to permit the use of a portable pump.

Safety Considerations. Electrica equipment and hardware ingdled in vaults and manholes
shall be effectively grounded to rods provided for this purpose. Metdlic sheaths and exterior
shields of cables shdl be grounded at each manhole.

PART 8. BRANCH CIRCUIT WORK

Wiring and Capacities. Branch circuits shdl be provided with insulated copper conductors
(minimum No. 12 AWG) in metallic raceways or in cables protected by a metd enclosure. All
branch circuits shal have a separate green insulated grounding conductor ingtalled in araceway
aong with supply and/or neutral conductors. Non-metalic cable (type NMC, trade name
"Romex") or armored cable (type AC, trade name "BX") shdl aso have a separate insulated or
bare copper grounding conductor ingtdled in the cable with the supply and/or neutra
conductors. Wiring shall be run concealed. No more than eight duplex receptacles shall be
connected to an individua 20-ampere circuit. Individud lighting and gppliance branch circuit
loads shal not exceed 1600 watts for 120-volt circuits and 3200 watts for 277-volt circuits.
Motor branch circuits and specia receptacle circuits shall be sized in accordance with the NEC
requirements. The branch circuit distribution system type shal be selected based upon a
life-cycle cogt andysis of a least two competitive systems such as flexible wiring (plug-in) flat
conductor cable versus a conventiona system (wire and conduit). Fat conductor cableis
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6.8.2

6.8.3

unacceptable in the research laboratory and associated buildings and facilities. Thiscableis
dlowable and more suitable in the adminigtrative and office aress.

Receptacles. In addition to receptacles required for spaces and equipment described above,
receptacles shal be provided in the locations for purposesindicated below. A duplex
receptacle, referred to below, is a 15-ampere, 125-volt grounding type unless otherwise noted.
Furnish grounding conductor for metalic boxes. Connect grounding conductor to receptacle
ground termind, branch circuit grounding conductor(s), and box grounding conductors with a
metallic crimp. Wire nuts are not acceptable. Receptacle circuits shall be entirdly separate
from lighting circuits. Concerning receptacle requirements for the physicaly handicapped, see
OSHA requirements.

a. Provide 15-ampere, 125-volt grounded type weatherproof duplex receptacles near
ar-conditioning or heating equipment.

b.  Provide ground fault interrupter (GFI) protection for each of the following receptaclesin
addition to those receptacles required to have GFI protection for resdential occupancies
listed inthe NEC: receptacles, 125VAC, 15-, 20-, and 30-ampere, within a 3-foot
radius of water supply, such asasink. Ground fault reset shal be located at the
receptacle and not at the panelboard.

Emergency Lighting.

a.  Exit Lights. Exit lights shdl be provided asrequired by the NFPA, including
requirements detailed in the NEC, Life Safety Code, and local codes, and shdll be
supplied from emergency panelboards.

b. Emergency Lights. Emergency lightsfor egress, including exit routes, exit sairways,
exit passageway’s, large open areas such as assembly areas, cafeterias, and open-plan
office spaces where the exit is normally through the mgjor portion of these areas, shal be
provided. Mechanical/dectrical equipment rooms and vaults, emergency generator
rooms, elevator machine rooms and pits, guard rooms, etc. shall aso be provided with
emergency lights with aminimum

if onefoot candleillumination. Emergency lights shal be supplied from emergency

pand boards without switch control. Emergency lighting shall be rapid Sarting;
fluorescent lamps or tubes shdl light from cold start within 5 seconds.
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6.9.1

6.9.2

6.9.3

PART 9. EMERGENCY POWER

General. Keep requirements for emergency power to an aosolute minimum. Location will
provide detailed data describing their minimum emergency power needs, equipment hest
generaion, and equipment requiring uninterruptible precise power.

Applications. Provide emergency power for the following:

a

b.

Elevators which require the use of generators.

Critica load requirements; e.g., research and storage of research activities.
Equipment that must operate without interruption; e.g., laboratory equipment.
L oads to keep buildings with frequent eectrica outages operationd.

Pumps, sewage gectors, or heating plants requiring power in case of interruption of
normal power.

Fire protection or other safety equipment requiring power in case of interruption of
normal power.

Emergency power shdl be provided in high-rise buildings where gearless machines are
ingaled.

Emer gency Power Sour ces.

a

Batteries and gatic inverters shall be considered when load does not exceed 20 kVA,
provided elevators are not served by them.

A sngle generator shal be provided in each building; where feasble, useasingle
generating plant for multiple buildings in a complex.

Connection to two separate primary Sources via appropriate transformers or utility
network system may be used in lieu of a generator.
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d.  Building Sze and emergency loads and life-cycle costs shdl be used to determineif a
battery or generator system, or a combination of them, isthe most economical emergency
power source.

6.9.4 L oads.

a  If devators require emergency power, load shal depend on the number of eevators as
follows

1) Sixdevatorsor less, theload of one elevator. (Note: Provide feeder connections
and other facilities to operate one eevator continuoudy, while remaining eevators
are operated one a atime.)

2) Morethan six devators, the load of two eevators. (Note: Provide connections to
operate one eevator at atime.)

b.  Equipment load shall consist of power required for equipment that must operate
continuoudy, plus that of emergency lights not included in emergency system load.

c. Emergency system load shal consst of lights and equipment served by emergency
panel boards.

1) FHredam system, fire pumps, security arm systems, efc.

2) Starway and escdator lighting.

3)  Corridor lighting.

4)  Exit and emergency lightsin essentid machine rooms and guard offices, etc.
5)  Emergency receptacles in telephone equipment closets.

6) Equipment, such as communication systems and automeatic data processing systems,
where an interruption might cause ahazard or other serious problems.

7)  Pumpsto prevent flooding that might damage buildings or contents, and other
essentia pumps.
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8) Essentid heating equipment in cold climates.
9) Emergency loadsfor generator auxiliary equipment, including:

a)  Damper motors, supply and exhaust fans, radiator fan (remotely mounted
radiator only), and generator room ventilation and controls.

b) Fud ail trandfer pumps.
c) Battery chargers.
d Generator darms.
€)  Additiond motors not driven by the generator engine.
10) Mechanicd HVAC control systems.
6.9.5 Uninterruptible Power Requirements.
a.  Certain Agency equipment cannot tolerate a short break or minor variation (voltage,
frequency, or wave form) in the power supply. Specia equipment necessary for
uninterruptible power shdl be provided.

b.  Whereagenerator is provided, it shal supply emergency power to the uninterruptible
power system.

6.9.6 Generators.

a  System Capacity. Emergency generator capacity shal be adequate to serve the
connected emergency loads. Inrush current of the largest group of motors, automaticaly
darted smultaneoudy, shal be consdered. Theinitid voltage dip shal not exceed 20
percent.

b. Regenerativeload. Provison shdl be made for absorbing regenerative output of lightly
loaded ascending eevators and heavily loaded descending elevators. This may be done
by increasing emergency lighting load so thet it equds the regenerative energy to the
elevator load (either one or two elevators). A lighting load arranged to provide for

123



ARSMANUAL 242.1
Congtruction Project Design Standard August 30, 1991

absorbing regenerated energy must function to automatically connect to the generator
feeder and be interlocked to prevent energizing the devator feeder until lighting load is
switched on. Thelighting load shal aso be used as part of the generator exercising load.

Cc.  Where an emergency generator must be automaticaly started and loaded, the oil supply
for the prime mover shall be kept to at least 75 percent of its optimum operating
temperature, and a separate eectric pump shal maintain a positive continuous flow of
lubricant to al bearings.

d. Load Sheddingor Co-generation. Life-cycle cost andyssshdl be performed when a
generator isrequired by other criteria A cost andlysis shdl be performed at the tentative
or preliminary submission stage, eaborating on the advantages of providing a generator
specified to provide continuous, rather than intermittent, operation.

e. PrimeMovers. Diesd engines shdl be used to drive emergency generators. Where gas
isavailable, gasturbines may be used. Prime movers shal not be solely dependent upon
apublic utility gas systlem for the fuel supply or municipa water supply for their cooling
systems. Provide means

for automaticaly tranferring from one fud supply to another where dud fud supplies are
used.

f. Fuel. Theuseof diesd ail, No. 2 fue ail, gasoline, noninterruptible gas, and
manufactured gas may be consdered after careful evauation of the rdiability of the fue
sources. Other than on-gite fuels may be used where thereis alow probability of a
smultaneous failure of both the off-gte fud ddivery system and power from the outside
eectrica utility company..

g Equipment Room.

1) Equipment shal beingaled in a sgparate room with at least one exterior wall.
Where devators condtitute the principa |oad, equipment should be located near the
elevator machine room. The room shal be provided with afire-resstive enclosure.

2)  Noiseand vibration and their effect on surrounding rooms shal be considered in

selecting the location. Walls of generator rooms shall be congtructed of materiasto
prevent transmission of objectionable levels of sound and vibration.
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3)  Equipment room shal be provided with adequate ventilation and a combustion air
supply. A motor-operated louver damper shdl be provided on engine radiator air
discharge. Air shal be so discharged that it will not reenter the room.

4)  Theroom shdl be provided with adequate access for servicing or replacing
equipment.

5  Meansshdl be provided to heat equipment room to 60° F during idle periods,
unless generator is equipped with crankcase heaters for cold starting.

6) Thereshdl beaminimum of three-feet clearance around the generator unit, with
greater space provided for large machines.

7)  Silencersand mgor piping shal not be ingtalled above engine-driven generators.

8)  Lifting eyes or chainhoist monorails shal be provided over separate components
exceeding 50 pounds in weight. Headroom shal be provided to operate lifting
devices.

h.  Engine Water Cooling System. The system, either remote or engine-mounted, shdl be
S0 arranged that pressure on the head of the engine block will not exceed 6 psig. Where
remote-mounted radiators create static pressure in excess of 6 psig, provide a separate
pump, receiver tank and piping to the radiator to prevent rupturing each gasket by
excessive pressure. Because of equipment interference, expansion joints, piping, ec.,
remote radiator design shdl be avoided. If engine-mounted radiator isingaled in new
buildings, cooling systems shdl be mounted. Ebullient

cooling shall be considered. City water cooling is discouraged. Where an
engine-mounted or remote radiator cannot be used, a cooling connection to a cooling
tower must be designed in coordination with the mechanica engineer.

I. Generator Fuel and Storage.

1) Fud. Refertof above.

2) Thedoragetank shdl have fud cgpacity for aminimum of five days continuous
generator(s) operation & full load. However, larger capacity shal be justified,
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depending on the record of eectric outages and fuel availability. A separate tank
will not be required where a heating fud tank is available; however, a separate fued
line shdl be provided.

3) Day tank, if used, shdl provide at least 4 hours continuous generator(s) operation at
full load.

j.  Engine Exhaust.

1) Theengine exhaus pipe shdl be extended to the exterior of the building as directly
as possible, to prevent exhaust discharge from polluting the building.

2) Theexhaust system shdl be designed in such a manner that the back pressure to the
engine will, in no case, exceed 20 inches water gauge.

3)  Engine exhaust mufflers (silencers) shal be provided for each engine-generator st
to ensure acceptable noise levels.

k. Generator "Exercising". Means shdl be provided for testing generators with aload
equal to at least 50 percent of full rated load. If it isnot considered essentid or
economicaly judtified, automatic test switches and resistor load banks shall not be used;
manud switching and the building load shdl be used where feasble. Where a separate
resstor bank isto be employed for supplementary loading, location of the bank shal be
shown on the drawings, and provison made for removing the heat generated.

l. Paralleling. Pardld operation of severa generators should be avoided if it is possble to
divide the load equally among the generators. Where parallel operation is required,
auxiliary equipment for automatic operation shal be provided.

6.9.7 Total Energy Systems. The possibility of having atotd energy system, where an engine
generator or group of engine generators supplies either dl or part of the eectric power, heating,
hot water, and air-conditioning needs for a building, shal be consdered. In

conjunction with the mechanica engineer, evauate the feasibility of such a system to meet
prescribed energy consumption gods, for new buildings.
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PART 10. ILLUMINATION

6.10.1 Scope. This part outlines the requirements for illumination of ARS buildings, but is not intended
to cover al conditions. Where there are unusua problems or conditions, specia studies shdl
be necessary to establish what will be gppropriate and economicd to ingtal, maintain, and
operate.

6.10.2 Lighting Systems. Lighting systems shdl be designed with fluorescent lighting fixtures and
lighting equipment utilizing energy saving rapid-start, cool-white or warm-white lamps. Balasts
shdl be energy efficient, and shal meet UL Class P requirements, equipped with built-in
automatic reset thermal protector. Ballagts shall have a sound rating.

6.10.3 Design Consider ations.

a.  Architectural Requirements. Lighting sysems shdl be coordinated with building
design of aesthetic and decorative effects within the limits of vigihility, visud comfort,
economics and energy conservation.

b. Design Analysis. Lighting calculations shall adhere to the established procedures of the
IES Lighting Handbook and IES recommended practices.

1) Standard lllumination Analyses. For generd applications, average illumination
may be caculatied usng room cavity ratios and luminaire coefficients of utilization
(zond-cavity method).

2) Special Computer Analyses. Where comprehensive lighting studies are required
to determine aternative lighting sources for large multi-roomed buildings or
average-to- minimum illumination (point-by-point method), it may be necessary to
perform a computer andysisto be submitted during the preliminary design stage.

c. Calculations. Cdculations shdl adhere to established procedures of the IES Lighting
Handbook; zond-cavity method shal be used; this shall be accomplished by computer.

d. Economics. For large buildings, a comprehengive lighting study shdl be required from an
economic viewpoint to aid the selection. When studying dternatives, consder initia
investment, life span of the ingdlation, energy expense, cost of replacing lamps, and
cleaning cost.

e. Energy Conservation. The following methods shal be consdered:
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1)  Switching flexibility.
2)  Timeor photodectric control.
3) Usedf high efficiency lighting fixtures and sysems.
4)  Provison of celing congruction and wiring methods which easily accommodate
luminaire relocation.
5)  Useof building automation systems for switching lights.

6.10.4

6.10.5

6.10.6

6.10.7

Luminaires. Paticular effort shal be made to reduce the number of luminaire typesin any one
facility, building, or project, so that the number of spare part replacements required for
maintenance shdl be kept to an absolute minimum.

Maintenance. Ease of servicing luminaires must be considered in the design process. For
lighting fixtures inddled in areas where it is difficult and hazardous to relamp fixtures when using
ladders (e.g., ceiling fixtures in stairwells), consder use of open bottom fixture enclosures that
provide access for reamping with alamp changer.

Switches.

a.  Locd light switch control shdl be provided for individuad rooms with fixed partitions.
Four-lamp fixtures may be double switched to provide two levels of illumination.

b.  Officelighting shdl be contralled by switches mounted on permanent partitions and
columns (off center line). Switches in relocatable partitions shal be avoided wherever
possible. Loca switching shdl be provided to insure maximum flexibility.

c.  Corridor lighting shdl be controlled by switched located near the elevator core or by a
remote control system.

d. If abuilding attomation system (BAYS) isavailable, it shal be used for switching of lights.

Exterior Lighting.
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6.11.1

Parking Areas, Exterior Traffic Lanes, and Pathwaysto Buildings. These areas shdl be
illuminated with luminaires designed for use with high-pressure sodium lamps providing
illumination levels shown in IES sandards.

PART 11. SPECIAL EQUIPMENT

Computer Room Installations.

a

L ocation. Computer rooms shall be located in expandable interior areasto avoid
condensation and sun load problems.

Electrical loads.
1) Lighting. Fuorescent 50 foot-candles not exceeding 1.4 watts per square foot.
2) Computer Equipment. Approximately 30 to 40 watts per square foot.

3) Air-Conditioning. Approximatey 15 to 20 waitts per square foot based an
floor-mounted packaged units.

4)  Future Expansion. Allow 25 percent spare capacity for feeders and panelboards.

Feeders. Each computer areashal be provided with an independent feeder to serve
anticipated equipment loads. An independent feeder shal aso be provided to serve the
ar-conditioning system. Each feeder shall have aminimum of two sources and an
automatic transfer means or a single source initidly with provison for adding a second
source. The sources may be two different spot network substations in large buildings or
normal power and emergency engine-generator unit, depending on the criticality of the
computer operation, type of computer equipment, reliability of the norma power source,
and avallability of funds.

Panelboards. Computer and air-conditioning feeders shal terminate in specid
panelboards within the area. Panelboards shdl be provided with remote control

switches, etc. to permit disconnecting computer and air-conditioning equipment by master
switches described in e, below.

L ocal Power Manual Shutdown. A manua master switch shal be provided at each
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entrance to the computer area to disconnect power to computer and air-conditioning
equipment, but not lighting. Each switch shdl be enclosed behind a breskglass pand
which shall be clearly labeled and provided with key opening for test purposes.

f.  WireUnder Raised Floors. Condder the following factors and requirements:

1)
2)

3)

4)

5)

Temperature: With air-conditioning down to 55° F.
Humidity: Up to 95 percent.

Current rating of branch circuit conductors: Minimum 125 percent of connected
load.

Raceways. Extend conduit (magnetic shielding) to weetherproof junction boxes or
receptacles. Route conduit clear of, or under, air-conditioning ducts.

Avoid use of PVC because dense smoke is produced when it is burned. Also,
PV C forms hydrochloric acid (HC1) when combined with water, which may seep
into structural concrete and attack reinforcing rods and other structural sted!.

g Wiring Without Raised Floor. Consder floor boxes or underfloor duct for power and
controls.

h.  FireProtection. Smoke detection, sprinkler system, or Halon fire extinguishing system
shdll be ingtdled in accordance with Nationd Fire Codes.

I Grounding.
1) Incdudefull Sze ground conductor with feeder from switchboard and with each
branch circuit from computer room panel board.
2)  Ground at least one raised floor support pedestal.
3)  Check ground continuity of metalic raised floor eements.
4)  Check HVAC ar outletsin floor. If metalic, provide ground jumpers to continuous

metallic grounded flooring or pand ground bus.
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6.11.2

Elevators.

a

Feeders. Each isolated elevator and each group of two elevators shdl be provided with
an individua feeder. Each group of three or more eevators shal be provided with not
less than two feeders. Where feasible, feeders serving agroup of four or more eevators
should originate in different subgtetions.

Switchboards. Switchgear assembly, generally aNEMA Type |, shall be provided
where there are two feeders as described in subparagraph a., above. The bus shall be
divided so that each feeder connects to a separate section serving half of the load. For
each devator served, the switchgear assembly shall be provided with a circuit bresker.

In addition, provide an automatic transfer switch and feed to panelboard for sgnd power,
efc., asdescribed in d., below. A transformer shall dso be provided, where necessary,
to furnish the required voltage.

Circuit Breakers. Each devator feeder shdl terminate in a separately enclosed
wall-mounted circuit bresker.

Signal Power. A panelboard fed by the transfer switch described in b., above, shall be
provided for dlevators. The paneboard shall contain circuit breakers to supply power for
ether sgnals or group supervisory control car light. Where freight elevators are equipped
with freight type power-operated hoistway doors, a 3-pole circuit breaker of suitable sze
shdl be provided to supply power for the doors.

Wiring. Wiring shall be provided to the terminals of controls furnished by the eevator
contractor. Where controls are not in the same rooms as switchgear assemblies with
circuit breakers required above, additiona disconnect switches shall be provided per
NEC requirements.

Receptacles. Not less than one duplex receptacle shal be provided on each eevator
machine room wal. A duplex westherproof receptacle and light fixture shal aso be
provided in each individua devator pit and in each section of amultiple-hoistway pit.

Emergency Power for Elevators. When emergency power is provided from a standby
engine-generator set, automatic transfer switch(es) should be provided, and normal
feeder(s) shdl be utilized to digtribute emergency power. Where use of normal feeder(s)
is determined to be impracticd for this purpose, emergency feeder(s) and necessary
autometic transfer switch(es) shdl be provided. Auxiliary control contacts shall be
provided on each automeatic transfer switch, plus conductorsin conduit extending to
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6.11.3

6.11.4

6.12.1

controls in the devator machine room. Auxiliary contact circuit, in conjunction with
elevator controls, shdl function to prevent any eevator from starting automaticaly aslong
as emergency power is being applied to devators. A sdector switch shall be provided as
part of the eevator ingalation which will permit authorized personnel to select one (or a
limited number of) elevator(s) a atime for operation on emergency power to:

1) Reesse passengers who may be trapped in astaled devator, and

2)  Provide limited emergency power to authorized personne during the power
interruption.

h.  Elevator Fire Capture Sysem. Thissystem shal meet ANSI A17.1 code.

Hazardous L ocations. Equipment, materia, and devices ingdled in hazardous locations and
detalls of their ingdlation shal conform to NBC requirements and other gpplicable
recommendations of NFPA. Hazardous locations include paint shops, and locations exposed
to flammable liquids and gases and combustible dust and fibers, as defined by the NEC Article
500. Requirements of loca agencies having jurisdiction over the completed project shal dso
be met.

Lightning Protection. All metd flagpoles and metd stacks either attached to buildings or free
gtanding shdl be grounded. All facilities having alightning risk assessment index (R) greeter
than or equal to three (3) determined in accordance with NFPA-78-1983 (Lightning Protection
Code) shdl have complete lightning protection systems included in their design. A complete
lightning protection system is a system of air terminals, conductors, ground terminals,
interconnecting conductors, arresters, and other connectors or fittings required to complete the
gysem. Facilities having R vauesless than 3 shdl be evauated by the desgn A-Ein
conjunction with the project EPM with respect to safety, research program, and economic
factors to determine the extent of lightning protection required.

PART 12. COMMUNICATION AND SIGNALING SYSTEMS
Telephone Systems.

a  General. Tdecommunications disribution facilities shal be integrated early on into the
physica congruction design plans. The locd telephone company (LTC) will ingdl, own,
and maintain dl cable, wiring, and associated terminating hardware needed to provide
access to the public switched network. Congtruction design dements identified in this
section are not provided by the LTC, and include 1) conduit; 2) raceways, 3) equipment

132



ARSMANUAL 242.1
Congtruction Project Design Standard August 30, 1991

gpace; and 4) other facilities that are part of the building structure itself.

b.  ServiceEntranceand Local Telephone Terminations. Telecommunication
digribution designs shdl fully support LTC facility entrance and termination points within
the ructure. Additiondly, LTC service entrance facilities shdl include the provisons as
to: 1) the path these facilities follow dong governmenta property; 2) their entrance point
to the building; and 3) their termination point. Discussonswith the LTC shdl determine,
early on, the use of: 1) underground entrances, 2) buried entrances, or 3) agrid
entrances. Asisthe custom of the building owner to provide for the LTC the conduit
from the main termina location or building entrance location to the property line, pole, or
manhole, provisons shall be incorporated.

1) Terminating Conduit Insde a Building. Design conduits entering from "below
grade' point shall extend 4 inches above the finished floor. Design conduits entering
from a caling height shal terminate 4 inches below the finished cailing.

2) Bonding and Grounding. Bonding and grounding of the tedecommunications
digtribution design shdl follow Articles 250 and 800 of the NEC covering generd
requirements for

grounding, bonding, and protecting eectrica and communications circuits.

c. Terminating Space for Entrance Facilities. Building space shal be &t asde for the
termination of entrance facilities and shall providefor: 1) eectricaly protected; 2) secure;
and 3) adequate spacing requirements to meet the building's cable distribution system.
Space provided for this purpose therefore shall be: 1) near or at the point where facilities
enter the building; 2) be well lighted, providing for aminimum lighting of 30 foot candles,
a floor level; 3) environmentdly clean; 4) provided multiple 15 amp duplex-grounded
outlet for testing and maintenance; 5) equipped with 3/4-inch fire retardant plywood,
securely fastened to supporting walls; and 6) provided access to an gpproved grounding
connection.

d. Equipment Room. Equipment rooms shal be considered digtinct from the building
entrance fadilities insofar as the equipment rooms shdl provide for more stringent
environmenta requirements, and shall house the mgor components of the building
telecommunications system. Three basic system types shdl be considered with regard to
the building design consderations:

1) centrd office based services provided by the LTC; 2) key telephone service; and 3)
PBX sarvice. Key telephone or PBX services shall be provided with dedicated space to
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house equipment. Additiondly, the larger and more complex the system, the more space
shdl be made available.

1)

2)

3)

4)

5)

6)

Environmental Considerations. Environmenta requirements shall consider
telephone switching system requirements to include 1) operating temperatures
ranging from 32 to 100 degrees F; 2) humidity ranging from O to 55 percent,
relative, and 3) heat dissipation ranges from 750 BTUs per hour to 5000 BTUS per
hour per cabinet.

Battery Requirements. Condderation shal be given for UPS requirements, as
necessy. Battery floor loading requirements shdl vary, depending upon the
occupants regquirements, and can be as low as 100 pounds per square foot to as
high as 600 pounds per square foot. PBX UPS shdl be governed by NEC,
Articles 480 and 503-14, deding with code requirements for storage batteries and
their associated charging equipment. (Local codes may place more rigorous
requirements on storage battery ingtallations.)

Lighting Requirements. Lighting fixtures shal not be placed where they will be
above 1) the equipment cabinets, 2) the termination frames; or 3) other free
standing equipment. Equipment space shdl have lighting that provides a uniform
light intengty of 30 LM/Ft2 when taken at floor leve.

Electrical Requirements. Manufacturer specifications shdl guide the basic
telephone system(s) dectricd requirement. Additiondly, PBX ingdlations shdll
require speciaized bonding and grounding of equipment cabinets.

Distribution Cable Termination Requirements. Space requirements for
digtribution cable shdl dlow for wal mounted termind fields, free sanding frames,
or both. For wall mounted terminal field applications, a 3-foot clear work space
shall be provided across the entire field.

Structural Requirements. Walls of the equipment rooms shal extend from the
finished floor to celling height and be finished by painting with a minimum two coats
of fire retardant paint. Equipment room flooring shdl be finished to keep dust to a
minimum. Equipment room floor loading requirements shal support equipment
cabinets between 50 pounds per square foot to 200 pounds per square foot.
Additiondly, a minimum ceiling height of 8 feet, 6 inches shall be provided to alow
for the adequate clearance of equipment frames for cables and suspended racks.
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e. Telephone Closets. Threetypesof floor closet shal be consdered in design
specifications. Types shdl vary asto the 1) size of the building; 2) number of floors; 3)
occupancy characteristics, and 4) telecommunications services to be used. Doorways
shdl be designed with a minimum measurement of 3 feet wide by 6 fedt, 8 inches
high--measurements shall be exclusive of adoorsl or center post. Doors shdl be hinged
to either open outward, dide side-to-side, or be removable. Floor closets shdl be: 1)
located in areas above the threst of flooding; 2) provided aNo. 6 AWG wire from an
approved floor ground; and 3) be provided lighting equivadent to a minimum of 30 foot
candles measured at floor level. Closets may vary in size depending on their function;
however, no closet shall be lessthan 12 inches deep. All closets shdl be 1) lined with a
minimum of 3/8 inch thick 8 feet (height) plywood, fastened to the wall framing members,
2) have the plywood painted with fire-resstant paint; and 3) whenever possble, be
located on wall space for termination on one continuous wall.

1) Riser Closets. Riser dosets shdl be used in low, wide buildings where the riser
cableis run horizontaly, or to provide distribution points on each floor of a
multistory building. Riser deeves/dots shdl 1) be provided with aminimum 4-inch
diameter; 2) be located on the immediate left Sde of the closet; 3) be provided 110
VAC duplex power outlets, 4) befitted with a sufficient number of risers deevesto
accommodate the anticipated needs of the occupant; and 5) be provided lighting
equivaent to aminimum of 30 foot candles measured at floor leve.

2) Apparatus Closets. Apparatus closets shall provide cross-connect fields for
gtation cables and tie cables to satellite closets, or to house key system controllers
and other common equipment that requires commerciad AC power.

Apparatus closets shall be congtructed with a minimum depth of 24 inches, and
provide for aminimum of one 110 VAC duplex power outlet which is both
separately fused and provides a 20 amp, 3-wire, grounded outlet. (Riser and
apparatus closets may be combined.)

3) Satellite Closets. Satellite dosets shdl provide solely supplementd digtribution
points for station cables, and shdl not provide for key equipment or riser cable
digtribution. Satellite closets shdl be provided with a minimum depth of 12 inches,
and a minimum recommended Szing of 2 feet, 4 incheswide.

f.  Conduits. A complete conduit system shal be indicated on the drawings, with routing of
main conduits, Szes and locations of pull boxes, and method of termination shown.
Minimum conduit Size for telephone outlets shall be 1 inch, except that 3/4-inch conduit
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may be used in buildings having less than 10,000 net square feet of generd office space,
and for public telephones, telephonesin kitchens, snack bars, shops, devator machine
rooms, and electrica or mechanica equipment spaces of Smilar character. Specid
isolation and sedling of main pands, conduits, and main digtribution lines are required in
contained laboratory and animal space. See Chapters 9, 10, and 11.

Teephone Rooms

Teephone Rooms shdl be considered in design specifications. Room sze shdl vary asto
1) size of building, 2) number of floors, 3) occupancy characterigtics, and 4)
telecommunication servicesto be used. Teephone equipment rooms are considered to
be digtinct from telecommunications closets because of the nature or complexity of the
equipment they contain. Any or dl of the functions of atelecommunication closet may be
dternatively provided by a telephone equipment room.

Design of atelephone equipment room shal be in accordance with the requirements of
the Electronics Industry Association (EIA) and Telecommunications Industry Associetion
(TIA) specification EIA/TIA-569.

Telephone rooms may be immediately adjacent to or combined with space identified for
LTC sarvice entrance and/or terminating facilities.

Referenced standards (EIA/TIA-569) identify minimum requirements for square-footage,
lighting, atmospheric controls and AC power based upon type and quantity of equipment
to beingdled.

6.12.2 Fire Alarm Systems.

a

L ocation of Control Console. The control console shdl beingaled in the engineer's
office, and a remote gragphic annunciator shdl be ingaled in the lobby within view of, and
easlly accessble to, outsde fire fighting personnd. In buildings where 24-hour guard
sarviceis provided, the control console may be located in the guard's office with remote
indicator in the engineer's office.

General Alarm Bells. Where bells are used, they shdl be located so that they can be
heard in every room. Where partitions prevent distribution of sound, additiona bells shdll
be provided. Andarm bell shdl be located above each fire darm gation and at such
locations as may be required to assure full coverage.

Power Supply. Power to supply fire darm systems shdl be taken from the building
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service on the supply side of the main service switch. Where the building is supplied by
primary service, the fire darm power supply shdl be taken from the emergency lighting
panel board.

6.12.3 Public Address Systems. Conduit systems to accommodate the public address system
equipment shal be provided in each auditorium.
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CHAPTER 7. SAFETY AND HEALTH ELEMENTSTS
PART 1. GENERAL

Purpose and Objective. A safe and hedthy work environment isthe crucia objective in the
design of Agency fadilities. The requirements ligted in this section are the minimum Agency
requirements to meset this objective. Unless specific reference is made otherwise, al codes
and standards cited in this chapter shal be the latest edition. Both NFPA Life Safety Codes
and modd building codes permit equivaency concepts. All deviations from this document
and any equivaency concepts proposed for use, must be identified by the A-E and
submitted to the Engineering Project Manager (EPM) for approva no later than the 35
percent design stage. The request must state the deviation/equivalency concept proposed,
reasons for the request, and supporting rationale. The EPM will coordinate the request with
the appropriate office and provide aresponse to the A-E.

Definition of Laboratory. A laboratory is defined as a building space, room or operation
used for testing, analys's, research, indruction, or Smilar activities. An area, exclusive of
maintenance shops, is considered alaboratory if any of the following exist: (Refer to
Chapter 9 for Biohazard Containment Design.)

a  Fume hood/biosafety cabinets or other primary barriers.

b.  Incidenta use or storage of chemicaswith any of the following properties

1) Hammable

2) Combudtible
3) Explodve

4)  Water Sengitive
5  Caudic

6) Corrosive
7)  Highor unknown toxicity
8) Carcinogen

C. Biohazardous materid.
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d.

e.

Grinding operations (excluding metd).

Radioactive materid/ionizing radiation emanating equipment.

Codes and Special Requirements. Requirements relaing to safety and hedth in the
Occupationa Safety and Hedth Adminigration (OSHA), Environmenta Protection Agency
(EPA) regulations, American Conference of Governmenta Indusirid Hygienists Indudtrid
Ventilation Manua, henceforth referred to as ACGIH, Standards of the American Society
of Hegting, Air- Conditioning Engineers, Inc. (ASHRAE), Agricultural Research Service
(ARS) safety and hedth palicy, and locd building and fire codes must be met as a minimum
to achieve a safe and healthy work environment. Where a conflict arises, the most stringent
requirement shal govern. (Refer to Chapter 9 for Biohazard Containment Design.)

a

Department of Labor Standards. The project shall be designed to comply with the
latest versions of the applicable OSHA Standards (2) CFR Part 1910) and Safety
and Hedlth Regulations for Congtruction (29 CFR Part 1926) as promulgated by the
Department of Labor.

National Fire Protection Association Codes. The project shall be designed to
comply with the most current edition of the Nationa Fire Code, as promulgated by
the NFPA.

U. S. Department of Health and Human Services Biosafety Guidelines. The
project design shal be in compliance with the latest revision of the gpplicable Biosafety
Guiddines (promulgated by the Centers for Disease Control, and Nationa Institutes of
Hedth, NIH) applicable to the level and nature of the project research activities.
(Specific guidance for biohazard containment design can be found in Chapter 9.)

USDA, Radiological Safety Staff. The project shdl be designed to comply with the
latest Nuclear Regulatory Commission regulations (contained in 10 CFR 20), ACGIH,
and license conditions where gppropriate.

Laboratory Chemical Fume Hoods Standards. The project shall be designed to
comply with the latest revision of the ACGIH, aswell as specific requirements of this
Section.

American National Standards Ingtitute. The drawings and specifications for each
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project shal show and require safety and health construction festures and practices
which conform to the most current ANSI Standards noted in the ANSI Safety and
Health Index, Publication SP8L-PC20M1085.

Model Building Codes. The project shal be designed in accordance with the
prevailing Modd Building Codes (BOCA, ICBO, SBCCI) enacted in the project
area.

PART 2. ELEMENTS OF DESIGN

HVAC System. The HVAC sysem shdl be designed with &t least the following minimum
requirements. (Where a conflict arises, the most stringent requirement shall govern.)

a

Separate HVAC systems shdl be provided for laboratory areas, anima holding areas,
and non laboratory administrative aress.

Ventilation requirements for eectrical shops, photography laboratories, and other
specia use areas shall be as prescribed in the applicable Standard of The American
Society of Hegting, Refrigerating, and Air Conditioning Engineers (ASHRAE).

A minimum of fifteen (15) air changes per hour are required for animd facilities
including independent temperature and humidity controls. Recirculation of exhaust air
from animdl facilitiesis prohibited. (Refer to Chapter 10 for anima research and care
facilities design.)

A minimum of eight (8) air changes per hour is required in laboratories and
recirculation of exhaust air from laboratories is prohibited.

All other areas shdl be provided with an adequate level of fresh air (minimum of 20
percent) from the HVAC air intake system. The minimum air changes for office space
iISssx per hour.

Laboratory Ventilation: The provisons of NFPA 45, ASHRAE, and ACGIH for
ventilation and fume hoods shdl be gtrictly adhered to. Where a conflict arises, the most
gringent requirement shall govern. (Refer to Chapter 9 for Biohazard Containment Design.)

a

Except for certain biocontainment gpplications, the air pressure must be negetive
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relative to the corridors or other common use spaces. Hallways and corridors shall
not be used as return ar plenums, and louvers will not be permitted in fire rated doors.
(Refer to Chapter 9 for Biohazard Containment Design.)

All exhaust air shdl be ducted. Interdtitid space shdl not be used as a plenum to
exhaust laboratory aress.

Recirculation of laboratory air is prohibited.

Supply ar diffusers shdl be placed so as not to interfere with the function of fume
hoods. Supply ar diffusers and exhaust inlets shdl be placed so that the room is
swept by the air with short circuits being avoided. (Refer to ASHRAE for additiond
information.)

Fume Hood Requirements. All laboratory chemica fume hoods and exhaust systems
shdl comply with ACGIH guiddines as well as the guidelines presented in this section.
Surfaces must be durable and easly cleanable. Service outlets shdl be located so that the
operator will not have to reach into the hazard zone to make connections. Variable Air
Volume (VAV) and Bypass hoods shall be used in new congtruction and renovation. (Refer
to Chapter 9 for Biohazard Containment Design.)

a

b.

Face velocities shall be 400-500 mm/s (80-100 fpm).

Stack heights shdl be determined by the height of the building (building envelope),
proximity to other buildings, loca topography, prevailing winds, and wegther
conditions. The minimum stack height shal be 3 m (10 ft.) from the plane of the roof.
The absolute minimum exhaust velocity shdl be 12.7 nv/s (2500 fpm) at the discharge
point of the exhaust stack.

Aesthetic objections to high stack heights shdl be overcome with architectura
treatment. An exhaust tower or acluster (bundle) of exhaust stacks can be made an
element of the building and is an acceptable method of achieving this. The bundling of
exhaust stacks has the added advantage of creating a plume of exhausted gases which
islessreadily deflected from upward vertica flow by wind gusts. A further, dthough
very codly, dterndive isto provide for remote intake of inlet supply locations. The
use of cone-style weether capsis prohibited.
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Exhaust stacks and air intake inlets shall be located at appropriate distances from each
other in order to provide proper dilution and recirculation of exhausted air. (See
ASHRAE Standard for additional guidance.)

Hood locations must be away from doors, windows, and occupant traffic.

The laboratory hood manufacturer shdl provide certification that the unit performs
satisfactorily under the conditions required by the design documents. ACGIH
specifications and procedures for certifying aerodynamic performance of ingtdled fume
hoods must be clearly defined in the project specifications.

Where fume hoods or biosafety cabinets are placed opposite one another, the design
shdll take into consderation egress and aerodynamic considerations.

Fume Hood Exhaust Requirements.

a

Individua exhaust systems must be provided for each fume hood. Manifolding of up
to four hoods may be considered. (See Paragraph 7.1.1 for procedureto document
deviation requests.)

Fume hoods shdl be designed to operate on a 24 hour basis. Night set back of fume
hood exhaugt systemns (reduction in output) may be considered to a minimum of 50
percent of occupied mode volume. Where chemical storage cabinets are power
ventilated, the laboratory HVAC system volume of air flow can be reduced, or "set
back", during those hours when the |aboratory is not occupied.

Fans must beingddled so that dl ducts within the building are maintained under
negative pressure.

Radioisotope Fume Hood. All laboratory fume hoods for radioisotope work shal be
designed in compliance with ACGIH; dl benchtop, sink, and floor materid must be durable
and easlly cleanable (coved corners and joints); al service outlets shal be located so that the
operator will not have to reach into the hazardous zone to make connections; and the
gppropriate filters shdl be included.

Perchloric Acid Hoods. Perchloric acid hoods shal mest the criteriaidentified in NFPA
45 and ACGIH. If perchloric acid hoods are not required in accordance with the POR for
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current research needs, but could be required in the future, as determined by the Program
Project Manager, the A-E shdll incorporate into the design package, as aminimum, one
rough-in (i.e., ductwork and plumbing hookup).

Laminar Flow Hoods. Only vertica laminar flow biologica cabinets shal be used in
Agency fadilities Horizontd laminar flow cabinets shdl not be ingdled.

General Purpose Hoods. Hoods for dl other purposes shdl be designed in accordance
with ACGIH.

Incinerators shal meet or exceed al State, loca, Environmenta Protection Agency and
Nationa Fire Code requirements. It iscrucid that incinerators for radioactive materias shall
meet or exceed Nuclear Regulatory Commission and all applicable codes and/or
requirements. (Refer to 40 CFR Part 264 and NFPA 82, and 86.)

Chemical Storage.

a.  Laboratories which use flammable/combustible materiads and chemicas shdl provide
adequate storage in a segregated, vented storage cabinet in accordance with NFPA
30, Flammable and Combustible Liquids Code and NFPA 45, Fire Protection for
L aboratories Using Chemicals.

b.  Ineach laboratory where corrosve materidswill be used, there shdl be a segregated
corrosive materia storage cabinet. Use corroson resistant materias suitable for their
intended use.

c. Provisonsfor storage of carcinogenic chemicasin each laboratory shal bein
accordance with the applicable OSHA standardsin 29 CFR Part 1910.

d. Compressed gases shall be manifolded at a central location closest to those
laboratories they serve. Efforts shal be taken to avoid extraneous use of gas cylinders
in laboratories.

e. Thedesign of any areafor the express purpose of storage of compressed gases and
flammable combustible materias shal comply with OSHA Standardsin 29 CFR
1910, Subparagraph H, Hazardous Materials, NFPA 30, Flammable and
Combustible Liquids, NFPA 45, Fire Protection for Laboratories Using Chemicals,
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and Compressed Gas Association, Pamphlet P-1.

Additional Exits

a

Each laboratory shdl have an additional means of exit remote from the primary exit.
Adjacent laboratories may share this remote exit viaa common separation wall.
Mechanica equipment rooms, boiler room, and furnace room shdl have an additiona
means of exit, remote from the primary exit.

The A-E shdl provide, as part of the first submittal, a conceptud layout identifying the
means of exit.

Occupancy Classification. Agency structures must be classified in accordance with the
established locd building codes of the jurisdiction in which the structure is to be located. In
addition to locad building codes, the Agency has set the following additiond requirements for
al laboratories as previoudy defined. The Program of Requirements (POR) devel oped by
the A-E will include alist of al applicable codes and the name and address of the loca code
authority. (Refer to NFPA 101 Life Safety Code [1991], NFPA 41, and 45, for additiona
information.

a

Dead-end pockets in hallways corridors, passageways, or courts are discouraged.
However, in no case, will any such pocket exceed code dlowances.

Travel distances for high hazard areas (NFPA 101, 5-11.1) and high hazard
laboratories (NFPA 45, 2.2, Table 2.2) will not exceed 23 m (75ft.). Trave
distances from dl other laboratories shdl not exceed 45 m (150 ft.).

All laboratories (paragraph 7.1.2) shall be designed in accordance with NFPA 45,
Laboratory exit corridors will not be used as "exits' in order to increase travel
distances along exit access route to exit Sairs or ramps. Where stair enclosures are
part of adesign, it isthe Agency's policy to make these stair enclosures the primary
protected means of egress from a building.

As pat of thefirg submitta, the design firm must document coordination with code

officids and provide for the Agency's review, a code andys's addressing building
classification and requirements.
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Emergency Eye/Face Wash and Shower Station. Each laboratory, chemical storage
room, or chemica handling room, shal have an emergency eyelface wash and shower in
accordance with ANSI Z358.1 (latest edition), Emergency Eyewash and Shower
Equipment.

a.  Wal-mounted portable units and handheld singlehead devices are not acceptable in
lieu of sationary dua-head eye washes.

b.  Emergency showers shdl be Located within 30 m (100 ft.) or 10 seconds trave time
from potentid injury source. Showers should be ingtaled closer to the potentia injury
sources if such sources are highly corrosve chemicals. Emergency shower stations
should provide natura screening where possible. The preferred location isingde the
|aboratory.

c. Eyewash saionsmay beingaled asintegral components with laboratory sinks or the
emergency showers.

d. Eachlaboratory shdl have afloor drain, collocated with the emergency shower.
Laboratory Furniture. Laboratory furniture shall be designed such that:

a.  Itiscorroson resgarnt.

b.  Contaminaion remova from surfacesis not difficult.

c. Itisaranged so as not to impede egress in an emergency.

d. Theworking surfaceis free from cracks and sengblejoints.

Asbestos. All work involving asbestos-containing materials shdl be performed in
accordance with OSHA standards contained in 29 CFR Part 1910.1001, as applicable, as
well as those Federd and State EPA regulations that pertain to asbestos-containing meteria
maintenance and abatement.

Fire, Smoke and Heat Safety.

a.  PortableFire Extinguishers. The gppropriate number, types, and locations of fire
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extinguishers must be provided in accordance with NFPA 10, "Portable Fire
extinguishers." Whenever possible, the 10 pound ABC Multipurpose fire extinguisher
shall be provided in arecessed cabinet and located in the corridors. Halogenated
(1211 or 1301) fire extinguishers will not be used.

b. Fire Heat and Smoke Detection Systems. All corridors, meeting rooms, and
storage rooms will be protected by smoke detectors. When required in other areas by
code, autometic fire detectors will beingdled. If the structure cannot be protected by
afire suppression system, a complete automatic fire detector system is required.

Automatic fire detectors shal be located, mounted, tested, and maintained in
accordance with NFPA 72.

c. Firesuppression systems. Fire suppresson sysems shdl be designed and ingtdled
in accordance with Federd, State, or local codes. 1tis ARS policy to ingtal sprinkler
sysemsin dl laboratory fecilities.

d. FireAlarm Sysems. Firedam sysems shdl be ingtdled in accordance with NFPA
72. A manud fire darm system (at aminimum) will beingaled in adructure if afire
may not, of itsdlf, provide adequate warning to building occupants.

e. Miscellaneous Standpipes, in accordance with NFPA 14, will beingaled in
laboratory buildings of two or more stories above or below Sireet level.

HVAC smoke control must be used if mandated by NFPA 90A.

The locating of storage and handling of flammable liquids and gases where it would
jeopardize egress from the structure will not be permitted.

Animal Facilities. Specia consderation shdl be given to the design of individud anima
rooms. Design must ensure that al research animals are protected to prevent transmisson
of diseases among animals and to and from humans. (Refer to Chapter 10 for
requirements.)
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CHAPTER 8. ELEVATORS (VERTICAL TRANSPORTATION SYSTEMYS)
PART 1. GENERAL

8.1.1 Scope. This chapter deals with design requirements for elevators or vertical trangportation
systems for Federd buildings.

8.1.2 Codes. New devators or vertica trangportation equipment ingtallations shal conform to the
American Society of Mechanica Engineers (ASME) Safety Code for Elevators and
Escalators, A17.1 (herein referred to asthe A17.1 Code). Existing elevators or vertical
trangportation equipment shall be improved as appropriate to conform to the A17.1 Code.
PART 2. EQUIPMENT
821 Passenger Elevators.
a  Clasdfication.
1) Passenger devators.
2)  Combination passenger and freight elevators.
3) Specid purpose elevators.
4)  Shuttle devators.
b.  Planning. Passenger devators shall be |located so that the building entrances with
heaviest traffic will have adequate devator service.
c. Sizeand Number. The following factors shdl be consdered in determining the Sze

and number of passenger elevators required.

1) Cost. Theoverdl annud cost of the devator facilities, including amortized cost
of the origind investment, maintenance, materid, and consumed power.

2) Net Area. Thisisthefloor areaof the building served by the devators
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3)

4)

5)

exclusve of the main (street) floor mechanical and eectrical rooms, parking
aress, cafeterias, Sairways, toilets, corridors, and smilar aress.

Population Density. Thisisthe net area per person. Building populations
above the main floor shall be estimated an the basis of 135 0. ft. net area per

person.

Maximum Traffic Peak. Thisisthe maximum percentage of the tota
population that shal be handled during any five-minute period. In generd, the
maximum traffic pesk shdl be considered as being that produced by the morning
filling of the building.

Traffic Digribution. Groups of eevators serving identica floors are required
to be furnished at two or more locations to provide reasonable convenience of
use;, the devators shdl provide a minimum carrying capacity of not less than 120
percent of the maximum traffic peak. Thisfactor provides for the unegqud
digribution of traffic when devator groups occur at more than one location.
Caculations based on the above factors shall be submitted as part of the design
concept submission where two or more passenger elevators are required.

d. Capacity, Speed, and Interval.

1)

2)

A capacity and speed shdl be sdected that will require the least number of
passenger eevators to handle the peak |oad with an acceptable timeinterval of
dispaich. The average peak period loading shal be assumed as 80 percent of
rated car passenger carrying capacity based on an average passenger weight of
150 pounds. For office buildings, the most suitable car capacities are from
3,000 to 4,000 pounds. In someingtances, larger capacities shdl be required.
Passenger eevators with capacities under 2,500 pounds shdl not beingalled, as
they are not suitable for maneuvering awhedchair. For locd service, thereisno
gppreciable saving in time by the use of car speeds exceeding 500 fpm.

For tower office buildings, eevators shal be arranged in alow-rise group, a
high-rise group, and possibly intermediate-rise group(s), depending on the height
of the building. Each group must include enough devatorsto satisfy the
requirement for dispatching interval. Speed shall range from 500 fpm to 2,000

fpm.
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3) Wheethereisonly one devator in the public building, it shdl have a minimum
capacity of 4,000 pounds and shdl be classfied as a combination passenger and
freight dlevator.

4)  Digpatching intervals are classfied asfollows 18 to 23 seconds - excellent; 24
to 29 seconds - good; 30 to 35 seconds - fair; 36 seconds and over - poor.
Where there are four or more eevators in a group, the dispatch interva shdl be
in the excdlent or good range. Where there are fewer than four devatorsin the
group, theinterva shdl be kept to a practica minimum; however, it is recognized
that economics may sometimes require acceptance of an interva classed in the
fair or poor range. For single eevators and two-car group eevators, the interval
shdl be much higher, ranging to over 60 seconds for a Single elevator depending
on the speed and number of floors served.

Handicapped Considerations. Passenger elevators shall be designed to
accommodate individuas with physicd disbilities For suggested minimum
requirement, refer to Uniform Federd Accessibility Standards. Individua markers
shdl not be accepted. Characters on car operating panels and cal button stations shall
be cut into faceplate as an integra part of faceplates.

Combination Passenger and Freight Elevators. If aseparate freight devator is
not provided, requirements for freight service shdl be consdered in determining the
number and duty of elevators. A combination passenger and freight eevator must
have the size and capacity to accommodate the anticipated demand, and generdly
shdll be not less than 4,000 pounds in capacity, preferably larger when hoistway space
isavailable. Door openings shal be not less than 3 feet, 10 incheswide. Combination
passenger and freight eevators are not recommended when freight movement would
interfere unduly with passenger service. Condderation shdl be given to increasing
cabinet height when devator is used for combination passenger and freight.

Continuity of Service. When one eevator normally would meet the requirementsin
abuilding where devator service is essentia (such as office buildings over four stories
high), two shdl be ingtaled to ensure continuity of service.

Future Elevators. The posshbility of change in the type of building occupancy and
reassgnment of building areathat would result in a greater volume of passenger treffic
shdl beinvestigated. When possibilities exig, the building framing shdl be arranged to
permit future ingtalation of an additiona eevator or escaator equipment to handle
future increase in traffic volume.

Freight Elevators.
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a  Classfication.

1)

2)

General Freight. These are provided to handle the common freight
requirements of activitiesin the building. The materia transported by these
eevatorsis digtributed throughout the building.

Special Purpose Freight. These serve the particular requirements of one
activity in the building. These devators form apart of a planned route for
handling a specific type of materid.

b.  Planning. When planning the location of freight eevators, the following principles
shall be observed:

1)

2)

3)

Generd freight shdl be arranged to discharge into a separate vestibule or service
lobby at each floor, but shdl not discharge into primary routes of horizontal
circulaion such as main corridors, lobbies, etc.

Freight dlevators shdl be located convenient to the building loading platform or
to other facilities provided for bringing freight into the building.

A freight elevator shdl have a sop at the mgjor mechanica and eectrical
equipment level(s), including equipment levels of other devators.

c. Sizeand Number.

1)

2)

Special-Pur pose Freight Elevator. The size and number of specia-purpose
freight devators will depend upon information received from the Agency
regarding the kind, total load, method of loading, and movement of freight that
must be handled.

General Freight Elevators.

a Theszeof generd freight eevators shal be adeguate for the movement of
essentid freight, including relocatable partitions. The platform size shdl be
not less than 8 feet wide by 12 feet deep. A larger Size, adequate far the
intended use, shdl be provided wherever investigations shows that the
eevator shall be usad to move mechanica equipment, fork lift trucks, or
other materias. Horizonta diding type doors shal be provided.

b) Atlesst one generd freight devator shdl be provided in office buildings

that have a gross area of 250,000 square feet or more, and have three
stories or more above ground. Theingdlation of afreight devator shdl be
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made when the conditions of occupancy indicate that serviceis needed
regardless of the Size of the building.

c)  The provison of more than one freight evator shdl be consdered in
buildings of over 800,000 gross square feet, when dictated by specia
known requirements, or by the building design.

Capacity and Speed.

1) Freght devaors shdl have aminimum capacity of 8,000 pounds, and shdl be
designed for one of the Class C |loadings described in the A17.1 Code.
Elevators required to carry loads in excess of 6,000 pounds, or in which heavy
trucks shal be used, should have capacities to handle the maximum required
loads. Class Cl loading, where trucks are carried, shdl be adequate for Federa
buildings.

2) Freight devators shdl have a car speed in proportion to the number of floors
served.

Continuity of Service. If continuity of serviceis necessary, two freight elevators shal
be ingdled, even if norma service demands are handled satisfactorily with one,

8.2.3 Elevator Hoistways.

a

Framing. The hoisway shdl be free of projections. Framing projections which occur
shdl have guard plates as required by the A17.1 Code. Structura supports shal be
provided at each floor and, where conditions require, between floors for securing
guide rail brackets. Depending on the size and capacity of elevators, provide either
intermediate supports between floors or guide rail backing for larger guide rails where
the distance between floors or the structural supports exceeds 14 feet. Provide
intermediate supports for devators with moderately large platforms, large capacity, or
those designed for Class C loading when the floor heights are less than 14 feet.
Concrete hoistways or specialy designed steel H-column supports for each elevator
car guiderall, extending the full height of the hoistway, are required for heavy duty
freight elevators designed for Class C loading or one-piece loading. Each project shdl
be checked to ensure that it includes necessary guide rail supports to conform to the
above requirements and to Section 200 of the A17.1 Code. Additiona supports for
guiderails shdl be included as a part of the structurd framing of the building.

Enclosures.

1) Elevator hoistway enclosures shdl be of fire-resstant congtruction. The interior
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2)

3)

face of hoisway enclosure walls shal have a smooth, flush, light-colored surface,
equivaent to well-pointed smooth face tile or brick, or smooth concrete.
Sprayed-on fireproofing shall not be used in the devator hoistway and machine
rooms.

New buildings and nonbearing hoistway enclosure wals of norma height (14
feet maximum unless otherwise noted) enclosing floor openings over 10 square
feet in areashdl be stable and have a 2-hour fire rating.

For hoistway enclosure walls of abnorma height, check with the structura
engineer for gability and possible increase in thickness of materid.

Hoistway Ventilation. Hoisway ventilation shdl be provided for venting smoke and
hot gases to the outside air in accordance with the Basic Building Code, National
Building Code, Standard Building Code, or the Uniform Building Code. (Note: Thisis
rule 100.4 in ASME A17.1 Code).

8.24 Elevator Pits.

a

Depth Requirements.

1)

2)

Pit depths should comply with the A17.1 Code requirements.

Freight elevators, that have counterbalancing vertica diding doors at the lowest
landing, shdl have a pit depth of not less than hdf the height of the door plus 6
inches to accommodate the lower floor pand.

Access. (Rule106.1d, A17.1)

1)

2)

3)

Each pit with a depth between 3 feet and 8 feet shal be provided with afixed
vertical sted accessladder. The ladder shdl be located within reach of the
elevator hoistway entrance at the bottom landing and to clear elevator
equipment.

Pits 8 feet degp and over shdl be provided with a permanent means of externa
access, preferably a stairway and door to each pit. Where a permanent means
of accessisimpractica, a permanent ladder, accessible from the hoistway
entrance at the bottom, shdl be provided in each pit; however, the externd
access must be very carefully studied beforeit is declared impractical.

Adjacent pit spaces shall be separated by a 7-foot high wire mesh partition.
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4)  Doorsto pit spaces shal be of fire-resstant construction, and shall be provided
with salf-closing, self-locking hardware, arranged so that akey is required for
entry. The doors shdl swing out, and offer no impedance to exiting.

Fire-Resistance Requirements. Where the elevators in one bank or one group of
elevators are located in two separate fire-resistant hoistways, the pit space for the
group of evators shdl be smilarly divided into two fire-resstant units.

8.25 Elevator M achine Rooms.

a

L ocation. The placing of dectric traction devator machines in basement machine
rooms, or in machine rooms adjacent to the shaft, shal be avoided. Thistype of
ingallation is not economicd, as both first cost and recurring cost for maintenance and
power are higher than overhead machines.

Features.

1) Machineroomsin new buildings shal be large enough to ingdl the eevator
equipment, including space for disconnecting means, etc. Allow clearances for
control equipment not less than required by the NEC, and with enough working
gpace between the various items of equipment for maintenance purposes. In
generd, provide not less than 3 feet as the absolute minimum clearance between
items of equipment. In new buildings, it shal be possible to remove mgor
equipment components of one eevator far repair without dismantling
components of an adjacent eevator. In exigting buildings, it may not dways be
feasible to expand the éevator machine room so as to house the new equipment
in accordance with the A17.1 Code.

2)  Space shdl be provided in machine rooms for tool cabinets, spare-parts
cabinets, and lubricant racks or cabinets.

3) Elevator machine rooms shdl be of fire-resstant condruction. The machine
room floor, ceiling, and wals shall have a smooth surface. Exposed sprayed-on
fireproofing shal not be used in eevator machine rooms and hoisway. Walls,
ceilings, and floors shdl be painted alight color.

4)  Openingsin the floor for passage of moving ropes, etc. shdl have 2-inch-high
concrete curbs or extended metal deeves.

5)  Inbuildings where eevator mechanics will be employed, shop space shdl be
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provided. If there is more than one machine room in the building, this shop
gpace shdl be provided in one location only.

c. Provisonsfor Removal of Equipment.

1)

2)

If there is more than one eevator in a machine room, the freight devator shall
serve the machine room level. If not, atrgp door shall be provided in the
machine room floor to dlow lowering of evator equipment to the top floor
served by the devator. A trolley or hoist beam able to support the largest item
of the dlevator equipment shal be provided over the trap door and over each
hoigting machine for remova of equipment.

In exigting buildings, where there is only one eevator in the building, provisons
shall be made so that mgjor equipment components can be moved for repairs.
Removad to the roof of the building, and then to the ground, by crane may be

necessary.

d. Access. (Rule101.3, A17.1 Code)

1)

2)

Entrance Door. The evator machine room door shdl be the self-closing,
self-locking type provided with a cylinder lock that requires akey for entry. The
door shal swing out and offer no impedance to exiting.

Stairs. Stairsshall be provided for convenient access to machine roomsin
accordance with the A17.1 Code.

e Noise Control.

1)

2)

Acoustical Classification. Machine rooms are classified as Class X space.
Machine rooms that are on the same level with offices or smilar spaces shdl be
provided with partitions of sufficient sound attenuation to prevent objectionable
noises from reaching the occupied spaces, and shdl be located as far as possible
from them.

Vibration and Sound Isolation. Geared machines and motor generator sets
shal be mounted on vibration and sound isolating devices.

f.  Skylights. Skylightsshdl not beingdled in eevator rooms.

0. Heating. Heating shdl be provided in devator machine rooms as required.
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8.2.6

h.

Ventilation. Machine rooms shal be provided with ventilation as to limit space
temperatureriseto 10° F.

Escalators.

a

Planning. When verticd trangportation is required for alarge volume of traffic,
escdators shal beingaled to supplement devators. Ther use shal be judtifiable for
buildings with large floor areas, buildings with entering traffic a two or more levels,

and service to specid areas such as cafeterias and auditoriums. Escaators shal not be
indalled as a subgtitute for fixed gairs or as a subgtitute for eevators. If ingdled, they
shdl bein addition to, not in place of, required means of vertical movemen.

L ocation. Escaators shdl be located convenient to building entrances or cafeterias,
auditoriums, etc., and shal be located where they are prominently in view between
eevators and building entrances so that a maximum portion of the totd traffic will be
diverted to them. It isrecommended that escalators be located in a crisscross
arrangement. Where escalators serve three or mare floors, they shal not be installed
where the structure depth encroaches on the clearance of the celling height below.

Comparison with Elevators. One escdator provides circulation at any onetimein
only one direction and only to one additiond floor, while an eevator provides service
in both directionsto dl floors. Mot individuds with physicd disabilities cannot safey
use an ecalator. Two escaators are needed for two-way traffic, i.e., four escalators
are required to serve three floors for two-way traffic. When considering whether to
use escalators in abuilding, the overal annud cost of providing the required service
with eevators shal be compared, and Use most economical arrangement selected.

Sizeand Number.

1) Escdatorsshdl have awidth of 32 inches or 48 inches with an angle of
inclination of 30 degrees and tread speed of 90 fpm. The capacity rating shall
be 5,000 persons per hour based on a theoretica maximum loading of 1-1/4
persons per 32-inch tread or 8,000 persons per hour with two persons per
48-inch tread.

2) Theactua design capacitiesin persons per hour and in persons per 5 minutes
traffic peak to be used in estimating escaator requirements are as follows:

Capacity in Capacity in
Escalator Width Per sons/Hour Persons/5 Min
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32 inches 3,000 250
48 inches 4,800 400

8.2.7

3) Indetermining the size and number of escaators, passenger eevators shal be

considered to ensure proper quantity of service required to handle maximum
peak.

4)  When escdators are provided for special purposes, to serve auditoriums and
cafeterias, the number and size shall be based on estimated peak movement of
traffic determined from smilar exigting ingalaions.

Dumbwaiters.

a

Classification.
1) Hoor loading type.
2)  Counter loading type.

Planning. Dumbwaiters shdl be located convenient to the areas served, preferably in
aposition where the hoistway congtruction will not interfere with space use.

Sizeand Number. Dumbwaiter platform area and height must be adequate to permit
convenient loading and unloading of materids. The number of dumbwaitersto be
ingtalled shall be based on the estimated volume of materid to be handled.

Capacity and Speed. The dumbwaiter load capacity shall be adequate to handle the
maximum anticipated car loading. Kitchen and library dumbwaiters have capecities of
500 pounds. Foor loading type dumbwaiters shal be designed to carry food carts,
book carts, etc. Food-carrying dumbwaiters shal be made of stainless stedl.

Types. Dumbwaiters shall be of the power-operated type.
Hoistways.

1) Enclosures. Dumbwaiter hoistway enclosures shdl be of fire-resstant
congruction with asmooth interior finish.

2) Entrance Doors. The dumbwaiter hoistway entrance doors shdl be of
fire-resstant congtruction and preferably of divided counterbaanced type. The
entrance frames shall be rolled or pressed sheet metd with extended sill on the
room sde. Stainless stedl frames and door panels shdl be used for kitchen
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dumbwaiters. Doors and frames of sheet sted shdl be factory dumbwaiters.
Doors and frames of sheet sted shall be factory primed with painted finishing
coats gpplied at the Site. Dumbwaiter hoistway entrances located with sills at
floor leve shal have 1/4-inch thick, nonskid sted plate sill with areinforced
truckable sl on the top of the lower door section. In some ingtdlations, doors
may be power-operated.

3) Sizeand Clearance. Hoisway szes and entrance dimensions shdl comply
with the A17.1 Code. A swing type pit access door is desirable for cleaning out
the pit for counterloading type dumbwaiters.

4)  Machine Spaces. Dumbwaiter machine spaces shdl be large enough to permit
easy access to the equipment for maintenance purposes. Thewalls, floor, and
ceiling enclosing the machine space shdl be of fire-resstant congruction.

5) If ahoistway tower is needed, it may consist of double sheet sted panels, each
with 18-gauge minimum. It shal be filled with sound deadening and fire-resstant
meaterids.

8.28 Whedlchair Lifts.

a

Classification.

1) Veticd whedcharr lift.

2)  Indined whedlchair lift.

Planning. Where ramp or devator ingdlations for use by individuas with physica
disahilities are impracticd, vertica and/or inclined whedchair lifts shal be consdered.
The number and location of such lifts depend an the generd architecture of each
building, and shal be determined on an individua project basis.

Features. Thelift shdl conss of a 12-square-foot horizontd platform enclosed by a
combination of pands, railings, doors, alifting mechaniam to raise and lower the
platform, and suitable control and safety devices.

Vertical Whedchair Lift Performance.
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1) Maximum rise shdl not exceed 6 feet.
2) Capacity shall be 450 pounds.

3)  Maximum speed shdl be 30 fpm.

e. Inclined Whedchair Lift Performance.
1) Maximum angle shdl be 45 degrees.
2)  Maximum travel shal not exceed 35 feet (measured on the incline), and not
more than two consecutive floors.
3) Capacity shall be 450 pounds.
f. Restrictions.
1) Liftsshdl not be ingtaled where lobby areas and inclined areas are greetly
reduced or where they present a hazard.
2) Inclined lifts shdl not beingtaled on gairs with low headroom clearance.
3)  Whenindined liftsareingdled on egress gairs, lifts shdl not encroach on the
required units of egress.
8.29 Exterior Power Platforms.

a  Planning. Exterior power platforms, for window washing and for other maintenance,
shall be determined on an individua project bass.

b.  Architectural and Structural Limitations. The provisons of an acceptable
powered platform may restrict, to aminor degree, the freedom that would otherwise
be available in the architecturd and structurd design of the building.

c. Safety Requirements. Each powered platform ingtdlation shal be designed,

ingtalled, ingpected, and tested in accordance with the latest edition of the American
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National Standards Safety Requirements for Powered Platforms for Exterior Building
Maintenance.

d. Mechanical Design Features. Powered platforms shdl be designed to incorporate
the following basic safety and operating festures:

1)

2)

3)

4)

5)

6)

Roof cars shdl be gravity stable, consdering both overturning moment and wind
loading, with an adequate safety factor. This requirement dictates alightweight
working platform and arelatively heavy roof car. Tiedowns or safety brackets
on the roof car shal be consdered only as an additiona safeguard to prevent
overturning. Roof car track and wheels shdl be designed to minimize noise
which might be annoying to occupants of the building.

Working platforms shdl be supported by four wire ropes, equipped with
approved means to detect and prevent over or under tensonsin any rope,
attached at or near each end of the platform. Platform working areashall be
clear. Support ropes shdl belocated in front of surfacesto be washed.

Working platforms shdl be steadied againgt the building face to prevent swaying
in gusts of wind, or when workmen press againg the building in the process of
washing windows or making other repairs. Fixed guides are required in the face
of the exterior of buildings, 130 feet and over in height, to accomplish this
purpose. Theworking platform shdl travel only in the level position.

The equipment shdl be operable by asingle worker. 1t shdl not require any
standby worker on the roof car, or esewhere, whilein use. Sometimes two
workers may be used on the working platform to perform the washing or
mai ntenance operation.

Operation and control provisons shall be as nearly fail-safe as practical.
Protective devices such as limit switches shdl be provided to minimize the
possibility of mafunction or improper operation. Operating buttons shall be of
the deadman type.

The main power supply outlets for the power platform located on the roof shall
be of atype to prevent hazard to workers during al westher conditions.
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7)  Teephone connections shdl be provided for help in the event of power failure,
contral failure, or smilar emergency. Rescue provisions shdl be included to
permit manua lowering of the platform or to facilitate remova of workers
trapped on a platform.

e.  Coordination. The desgner shdl coordinate to ensure that the architecturd and
sructura design will accommodate the different manufacturers equipment. Loads
imposed by the power-operated platform on the roof structure, parapet, mullions,
exterior walls, or vertica guides shal be consdered inthe design. A garage shdl be
provided on the roof to protect the equipment during periods of inclement wesather.
This garage will improve the gppearance of the building when the power-operated
platformisnot in use, and will facilitate maintenance of the equipment.
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911

912

9.13

914

9.15

CHAPTER 9. BIOHAZARD CONTAINMENT DESIGN
PART 1. GENERAL

Scope. This chapter provides generd guidance in designing biologica containment facilities
that support research a the BL 3 and BL 4 physica containment levels. Its primary objective
isto provide the best possible physica containment of hazardous microorganisms or biologica
agents through incorporation of equipment and facility safeguards in the design of the facility.

Objectives. The objectives of the containment facility isto protect investigators, al support
gaff, and occasiond vistors from accidental laboratory acquired infection(s); prevent release
of infections, microorganisms, or toxic chemicals to the atmosphere which may pose a threet to
community members, livestock, or the environment itsdlf; and prevent cross-contamination of
research materials and research animals,

Basic Requirements. The design shdl comply with gpplicable codes and sandards
governing the work and other requirements described in Chapter 1.

Biohazard. (A contraction of the words biologicad and hazard). A Biohazard is defined as an
infectious agent(s), or part thereof, presenting ared or potentia risk to human, other animals,
or plants, directly through infection or indirectly through disruption of the environment.

Facility Barrier Control Measures. To establish zones for containment of hazardous
biologica agents, their by-products, and chemica compounds, the facility is constructed with
levels of barriersthat serve as protective zones to meet the objectives stated above. See
Figure 9-1 for diagrammatic relationship of primary and secondary barriers.

a  Primary barriers. Equipment safeguards and laboratory practices provide the primary
barriers for containment of hazardous biologica agents. They are thefird line of defense
for preventing escape and possible spread of the research materids. Examples of
primary barriers are biologica safety cabinets, closed ventilated animal cages, safety
centrifuge cups, and safety blenders.

b.  Secondary barriers. These are features of the facility which surround the primary
barriers and serve to prevent the escape of hazardous agents to the environment outside
of the laboratory or building in the event of afalurein aprimary barrier. Examples of
secondary barriers are the floors, walls and ceilings, air locks and door barriers,
differential pressures and directiond arflow, exhaugt ar filters, and provisons for
treating contaminated wastes.
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c. Tertiary barriers. In certain facility design configurations, the gpaces surrounding the
laboratory function is atertiary barrier zone. Examples of tertiary barriers are equipment
and utility spaces, interdtitial spaces housing ventilation duct and utility piping, &ttics, or
double-walled congtruction surrounding the primary containment zone.

PART 2. HAZARD CLASSIFICATION AND CHOICE OF CONTAINMENT

921 General. Todeterminethelevelsof protection aresearch facility must provide, to protect
personnel, animals, plants and the environment from a biohazard, the proposed research must
be andlyzed and assigned arisk category (Biosafety Levels 1-4). Andysis shall consder
factorsto include:

Etiologicd Agents

Infectious dose

Effectiveness of available vaccines

Availability of antibiotic and prophylactic treatment
Morbidity and mortality data based on laboratory acquired infections (disease everity)
Amount and concentration of research materia
Biologica decay rate

Tranamissibility viathe aerosol route

Occurrence in livestock animas

Operations

Operationa practices and procedures

Protective equipment and clothing

T T SQ 00T

Chemicad Compounds

Concentration

Amount

Toxicity

Effects on man or livestock
Availability of prophylactic antidotes
Environmentd effects

Availability of neutrdizing techniques
Etc.

Q@ "0 Q0 oW
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Radioi sotopes
a  Haf-life expectancy
b.  Radiaion activity
c. Toleranceleves
d. Research activities
e.  Concentration

9.2.2

9.23

Biosafety levels.

Four biosafety levels are described which consist of combinations of |aboratory practices and
techniques, safety equipment, and laboratory facilities gppropriate for the operations
performed and the hazard posed by the infectious agents and for the laboratory function or
activity. These four biosafety level designations are applicable to laboratory and/or animdl
fadilities

The infectious agents (often referred to as etiologic agents) are identified as four classes.
These four agent classes are based on therisk of infection to human or livestock animals.

a.  Biosafety Level 1 (BL1). Involvesagentsof no known or minima potentia hazard to
laboratory personnel, animas and the environment. Presents no potential economic loss
to the animad indudtries.

b. Biosafety Level 2 (BL2). Involves agents of moderate potential hazard to personnd,
animas, and the environment with minimal economic loss to the animd indudtries.

c. Biosafety Level 3 (BL3). Involves agentswhich are indigenous or certain ones that
are exatic to the United States which can be contracted via the respiratory route and
may cause serious or letha diseases to man, animals, or cause moderate economic 10ss
to the animad indudtries.

d. Biosafety Level 4 (BL4). Involves highly dangerous and exatic agents which pose a
high individua risk of life-threstening disease to man and food animas. These agents
have the potentia for severe economic loss to the anima indugtries.

Choice of containment.
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a.  Threedesigns (types) were identified and established internationaly for facilities. These
facilities can be used for hazardous or potentialy hazardous research projects or
operations that involve etiologica agents and chemica compounds, including
radioi sotopes with or without research animas. These categories can be classified as:

1) the basic microbiologicd laboratory, 2) the containment laboratory, and 3) the
maximum containment laboratory. The levels of protection increases with the risks
associated with the agents under study and, in genera, correspond with levels of
containment required for low risk, moderate risk, and high risk agents or procedures
repectively. The following table provides the recommended type of containment/facility
to use with research materias of different hazard levels.

Agent or Compound Facility Type Recommendation

Human and Animal Pathogens

Class1Agent................. Basic Facility
Class2Agent................. Basic Fecility
Class3Agent................. Containment Facility
Class4Agent................. Maximum Containment Facility

Oncogenic (Cancer) Viruses

Low Risk Viruses. ............. Basic Fecility

Moderate Risk Viruses. . ........ Containment Facility

HighRisk Viruses.............. Maximum Containment Facility
Chemical Compounds . ............. Containment Facility or
(Includes carcinogens Maximum Containment
and radioisotopes) Fecility

Organisms Containing Recombinant DNA and/or RNA Molecules

BL1 Classfication. .............. Badic Facility

BL2 Classification. .............. Badic Facility

BL3 Classfication............... Containment Facility

BL4 Classfication............... Maximum Containment Facility
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b. Facility Types:

1

Thebasiclaboratory. Thislaboratory provides general space in which work is
done with viable agents which are not associated with disease in hedthy adults.
Basic laboratories include those facilities designated a the BL1 and BL2 with class
1 and 2 agents and genetic engineering manipulations a the same designated levels
and risk. While work is commonly conducted on the open bench, certain
operations are confined to biologica safety cabinets.

The containment laboratory. Thislaboratory has pecid engineering features
which make it possible for laboratory workers to handle hazardous materias
without endangering themsalves, the community, or the environment. Containment
laboratories include those facilities designed to accommodate activities a the BL3
with Class 3 agents and recombinant DNA or RNA manipulationsat BL3. The
unique features which distinguish this laboratory from the basic laboratory are the
provisions for access control and a specidized ventilation system and generdly
requiresthat al laboratory activities be conducted in a primary barrier; eg.,
biologica safety cabinet or fume hood. The containment laboratory may be an
entire building or asingle module or complex of modules within abuilding. Indl
cases, the laboratory is separated by a controlled access zone from areas open to
the public.

The maximum containment laboratory. Thislaboratory has specid engineering
and containment features that dlow activities involving infectious agents that are
extremely hazardous to the laboratory worker or that may cause serious epidemic
disease to be conducted safely. The maximum containment [aboratories include
those fadilities desgned as BL4 fadilities. Although the maximum containment
laboratory is generdly a separate building, it can be congtructed as an isolated area
within abuilding. The laboratory's distinguishing characterigticsis that it has
secondary barriers and often tertiary barriers to prevent hazardous materials from
escaping into the environment.  Such barriers include seded openings into the
[aboratory, air locks or liquid disinfectant barriers, a clothing change and shower
room contiguous to the laboratory, a double door autoclave, a biowaste trestment
system, a separate ventilation system, and a HEPA filter system to decontaminate
exhaud air.
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PART 3. PRIMARY BARRIER (CONTAINMENT EQUIPMENT)

931 General. Biologica safety cabinets (BSC) are the principa equipment used to provide
physica containment. They are used as primary barriers to prevent the escape of
aerosols into the laboratory environment. Certain cabinets can also protect the
experiment from airborne contamination. The sdection of BSC is based on the potentia
hazard of the agent used in the experiment, the potentia of the laboratory technique to
produce aerosols, and the need to protect the experiment from airborne contamination.
The description, cgpabilities, and limitation of these cabinets follows.

9.3.2 BSC application. Thefollowing table isasummary of the type biologicd safety cabinets
(BSC) to use with research materid of different hazard levels.

Hazard Leves
Etiologic Agents Organisms with
Oncogenic (HumavAnimd  Recombinant

Type BSC (Cancer) Viruses _ Pathogens) DNA and/or RNA
Low Moderate 1 2 3 4 1 2 3
4
Class| X X X X X X X X
Classl| X X X X X X X X
Classll| X X X X X X X X X
X

9.33 Biological Safety Cabinets.

a  Classl. A ventilated cabinet for personnd and environmenta protection, with an
unrecirculated inward airflow away from the operator. This cabinet is suitable for
work with low and moderate risk biological agents, where no product protection is
required. It isan open fronted, negative pressure ventilated cabinet with aminimum
inward face velocity at the work opening of at least 75 feet per minute. The
exhaud ar from the cabinet isfiltered by a high-efficiency particulate air (HEPA)
filter. Seeilludration in Figure 9-2. This cabinet may be used in three operationa
modes:
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1. Withafull-width open front.

2. Withaningdled front closure pand (having four 8-inch diameter openings)
not equipped with gloves.

3. Withaningdled front closure pand equipped with arm-length rubber gloves.

b. Classll. A ventilated cabinet for personnel, product, and environmenta
protection having an open front with inward airflow for personnel protection, HEPA
filtered laminar airflow for product protection, and HEPA filtered exhausted air for
environmental protection. The design, congtruction, performance and testing of
Class 11 biosafety cabinet are covered by National Sanitation Foundation (NSF)
Standard No. 49, entitled Class 11 (Laminar flow) biohazard cabinetry (available
from NSF, 3475 Plymouth Road, P.O. Box 1468, Ann Arbor, Michigan 48106;
Phone 313-769-8010). All Class|I cabinets purchased for ARS projects will be
built to fully meet Standard 49 and bear the NSF listed mark. All cabinets
purchased and ingdled in afacility will be tested by a recognized, independent
testing firm acceptable to ARS after complete ingtalation of the cabinet to comply
with the certification requirements specified in NSF Standard 49.

NOTE: When toxic chemicals or radionuclides are used as adjuncts to biological
studies or pharmaceutical work, Class || cabinets designed and constructed for this
purpose should be used.

1. TypeA. (Formerly desgnated Type 1): Cabinetsthat: () maintain a
minimum caculated average inflow velocity of 75 fpm through the work area
access opening; (b) have HEPA filtered downflow air from acommon
plenum (i.e., plenum from which a portion of the air is exhaugted from the
cabinet and the remainder supplied to the work areq); (c) may exhaust HEPA
filtered ar back into the laboratory; and (d) may have positive pressure
contaminated ducts and plenums. Type A cabinets are suitable for work with
low to moderate risk biologica agentsin the absence of volatile toxic
chemicas and voldile radionuclides. Seeillugtration in Figure 9-3.
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2. TypeBl. (Formerly desgnated Type2): Cabinetsthat: (8) maintain a
minimum (caculated or measured) average inflow velocity of 100 fpm
through the work area access opening; (b) have HEPA filtered downflow air
composed largdly of uncontaminated recirculated inflow air; (¢) exhaust most
of the contaminated downflow air through a dedicated duct exhausted to the
amosphere after passing through a HEPA filter; and (d) have dl biologicdly
contaminated ducts and plenums under negative pressure, or surrounded by
negative pressure ducts and plenums. Type B1 cabinets are suitable for work
with low to moderate risk biologica agents. They may aso be used with
biologicd agents treated with minute quantities of toxic chemicals and trace
amounts of radionuclides required as an adjunct to microbiologica sudiesif
work is done in the direct exhausted portion of the cabinet or if the chemicals
or radionuclides will not interfere with the work when recirculated in the
downflow ar. Seeillugtration in Figure 9-3.
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3. TypeB2. (Sometimesreferred to as"Tota Exhaudt"): Cabinetsthat: (a)
maintain a minimum (calculated or measured) average inflow velocity of 100
fpm through the work area access opening; (b) have HEPA filtered downflow
ar drawn from the laboratory or the outside air (i.e., downflow air is not
recirculated from the cabinet exhaust air); (c) exhaust dl inflow and downflow
ar to the atmosphere after filtration through a HEPA filter without
recirculaion in the cabinet or return to the laboratory room air; and (d) have
al contaminated ducts and plenums under negative pressure, or surrounded
by directly exhausted (nonrecirculated through the work area) negetive
pressure ducts and plenums. Type B2 cabinets are suitable for work with
low to moderate risk biological agents. They may aso be used with
biologica agents trested with toxic chemicas and radionuclides required as
an adjunct to microbiologica studies.

4. TypeB3. (Sometimesreferred to as "Convertible Cabinets’): Cabinets that:
(& maintain aminimum (caculated or measured) average inflow veocity of
100 fpm through the work access opening; (b) have HEPA filtered downflow
ar that isaportion of the mixed downflow and inflow air from a common
exhaust plenum; (c) discharge al exhaugt air to the outdoor atmosphere after
HEPA filtration; and (d) have dl biologicaly contaminated ducts and plenums
under negative pressure, or surrounded by negative pressure ducts and
plenums. Type B3 cabinets are suitable for work with low to moderate risk
biologica agents treated with minute quantities of toxic chemicals and trace
quantities of radionuclides that will not interfere with the work if recirculated
in the downflow air.

c. Classlll. A totdly enclosed, ventilated cabinet of gas-tight construction.
Operations within the cabinet are conducted through attached rubber gloves.
When in usg, the cabinet is maintained under negative air pressure of a least 0.5
inches water gauge (in. wg). Supply air is drawn into the cabinet through HEPA
filters. The exhaust air istrested by double HEPA filtration, or by HEPA filtration
and incineration. Seeillugtration in Figure 9-4.
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94.1

94.2

PART 4. SECONDARY BARRIERS (FACILITY DESIGN FEATUREYS)

General. Specid engineering and containment features when gpplied and incorporated
in the design of biologica facilities provide additiona protection and secondary barriers
againg the possible contamination of the immediate and genera environment beyond the
laboratory inuse. The following describes the design festures for basic [aboratory,
containment laboratory, and maximum containment laboretory.

Biosafety Level 1 and 2 (BL1 and BL2). The BL1 and BL2 are basic microbiology
|aboratories where the potential hazards associated with the research materials can be
controlled by ordinary laboratory practices. The laboratories are of conventional design
and are not characterized by specid engineering festures for containment. Biologica
safety cabinets should be provided for work with potentialy hazardous materials when
open bench work practices do not provide adequate protection for the |aboratory
worker. Seeillugtrationsin Figures 9-5 and 9-6.

The BL1 and BL2 Iaboratories should provide an interna environment which is easily
cleanable. Thewals and floors should be surfaced with or be constructed of materials
which can withstand detergent cleaning solutions and disinfectants. Horizonta surfaces
which may serve as dust collectors should be minimized and suspended fixtures, such as
fluorescent lighting, and exposed service piping should be accessible for cleaning. Bench
tops should be impervious to liquids and resstant to acid, akali, organic solvents, and
moderate hest.

Laboratory furniture should be sturdy and readily cleanable. Voidsin laboratory furniture
groupings should be accessble for cleaning. Open shelving should be avoided; closed
cabinets provide a better environment in which contamination can be controlled.

Although the primary condderation in the arrangement of the laboratory furnishingsis that
it should suit the research program, floor plans should include environmenta control and
safety considerations. Work spaces should be planned to be out of through traffic aress.
If biologica safety cabinets are provided they should be located deep in the |aboratory,
preferably at "dead ends' where traffic will not disturb the air balance of the cabinets.
Established traffic patterns should aso minimize the proximity of clean and contaminated
operations. Extraneous traffic
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should be reduced. Office areas should not be included in the laboratory and doors should be
closed with sdf closing devices to reduce and control the egress of non-laboratory personnel. For
contamination control, hand washing facilities should be located near the [aboratory door.

9.4.3

For summary of generd containment guiddines for BL1 and BL2 laboratories see Table
9-1.

Mechanica ventilation may be provided but is not necessary for BL1 and BL2
laboratories. The laboratories may have operable windows providing they are fitted with
insect screens. Mechanicdly provided air, either from building ventilation systems or
individua heating/air conditioning units, may be recirculated within the laboratory and
exhausted without treatment in certain research operations. Treated exhaudt air from
Class | biologica safety cabinets may be returned to the laboratory environment.
Laboratory and cabinet air exhausted to the outdoors should be dispersed to the
atmosphere in amanner to clear occupied buildings and air intakes.

An autoclave must be available for the serilization of wastes and contaminated materias
generated within the laboratory. In practice, wastes from BL 1 and BL 2 |aboratories are
usualy decontaminated a a Ste remote from the laboratory. It is essentid that this Site be
located within the same building in which the BL 1 and BL 2 Iaboratories are located.

Biosafety Level 3 (BL3). A BL3 facility may be asingle laboratory or a suite of
laboratories and support areas designed for handling of moderately hazardous agents
(Class 3 agents, moderate risk oncogenes, BL 3 recombinant organisms, and toxic
chemica compounds) or materids. The unique features which distinguish the BL 3 facility
from the BL1 and BL 2 facilities are the provisions for access control, safety equipment,
and a specidized ventilation sysem. Seeilludrationsin figures 9-7 and 9-8.

For access control, the BL3 laboratory or facility should be completely separated from
classrooms, generd offices, recelving areas and other areas where there is ready access
to the public and corridors available to normal traffic flow of laboratory personnd who do
not work with the BL3 facility. Various arrangements used to achieve this separaion
include partitioning the corridor for aBL3 |aboratory at the blind end of the corridor,
entrance through another laboratory, a double door system where entry to the BL3
laboratory is through an anteroom or air lock, or entrance through a change room and
shower facility. The change room and shower facility arrangement provide the grestest
access control of any of the examples.

176



ARSMANUAL 242.1
Congtruction Project Design Standard August 30, 1991

Likethe BL1 and BL2 |aboratory, the BL 3 laboratory should be constructed and
furnished to provide work surfaces which will facilitate cleaning, prevent accumulation of
contamination, and are impermesble to liquids. Materids sdected should satisfactorily
withstand detergents, disinfectants and decontamination with gaseous forma dehyde.
Exposed horizontd utility pipes and ductwork, and open storage cabinets, should be kept
to aminimum or diminated entirely, where possble.

The BL 3 laboratory should be constructed so that it can be sedled to permit gas
decontamination and fumigation. All utility pipe and duct penetrations, eectrical conduits,
utility access and other passages through floors, walls and cellings should be sedled or
capable of being sedled to assure isolation of the space environment. I dropped cellings
areindaled to conced air ducts and utility digtribution lines, they should be monoalithic, or
condructed of plagtic or dry wal or amilar materias. All celling joints should be taped,
seded and painted to make them impervious. If windows are provided for the BL-3
laboratory, they must be made inoperable and sealed in the shut position. All laboratory
doors must be self-closing. A foot, elbow or autometicaly operated hand washing facility
must be Stuated near each exit from the containment area.

Provison for dedling with maintenance problems should be incorporated into BL3
[aboratory design. Where possible, compressor monitors or gas supplies which can be
isolated should be made accessible from outside the laboratory. 1t is recommended that
compressed gas cylinders supplying carbon dioxide, nitrogen and other gases be stored
outside the [aboratory and that manifold piping be used to provide the gases insde the
area. Because of problems associated with radiologica and biological contamination of
pipelines and the potentid for exhaugt air contamination, central vacuum systems are not
recommended. Provison should be made for the use of small individua vacuum pumps
for use within the containment |aboratory.

Each BL3 |aboratory or module in a BL 3 facility should contain a biological safety cabinet
gppropriate for use with moderately hazardous agents. Current concepts of biologica
and industria hygiene control indicate that potentially hazardous procedures should be
confined to ventilated safety cabinets. There are few operations which could be
considered risk free at thislevel of containment. Good laboratory practice demands that
protective cabinets be used whenever hazardous materials are handled outside fully
contained vessls.

A mechanical ventilation system capable of controlling ar movement must be provided
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for aBL3 laboratory. Baance of the supply air and exhaust air should provide a
directiond airflow with the air drawn into the laboratory through the entry area.
Recommendations to creete this infiltration include a 15 percent differential between
exhaust and supply or sufficient exhaudt to create an 0.05 inch water column differentia
between the laboratory and the access area; whichever the criterion, it is recommended
that the infiltration of ar into the laboratory be a least 50 cubic feet per minute per
doorway leading into the research space under dl operating conditions. Within the BL3
laboratory or laboratory suite, the supply and exhaust systemns should be distributed and
baanced in amanner that the flow of air between activity locations or functional spacesis
in the direction of increasing potentia laboratory hazard.

The air supply/exhaust system may be part of the building system provided certain
precautions are taken. The building exhaust syssems may be used if the air from the
laboratory is not recirculated to other areas of the building. Exhaugt air can be
discharged to the outdoors without filtration or other trestment provided it is dispersed to
the atmosphere in amanner that clears occupied buildings and air intakes. Thisisusudly
accomplished by locating the exhaust stacks on the roof and exhausting upward at a high
veocity (e.g. > 2500 fpm). Supply air systems must be designed to prevent the positive
pressurizetion of the |aboratory and the reversal of airflow from the |aboratory to clean
areas of the building. A device for monitoring airflow, and possibly an darm, should be
provided to dert the laboratory to an exhaust air problem. In rare circumstances,
recirculation of the air is permitted within the individua |aboratory spaceif the air is
filtered by HEPA filters.

Thetrested (HEPA filtered) exhaugt air from Class 11 type A "laminar flow" biologica
safety cabinets may either be returned to the laboratory environment or discharged to the
outdoors. Class|, Classll types B1 and B2 (the new 100 percent exhaust "laminar flow"
cabinet), and Class |11 cabinets usualy require externa exhaust fans and may be directly
connected to a building exhaust system. The treated exhaust from these cabinets must be
discharged outdoors. Room supply and exhaust systems and the exhaust systems for
these biologicad safety cabinets must be designed and operated in a manner that avoids
interference with the air balance of the laboratory and the cabinet.

An autoclave for the decontamination of |aboratory wastes should be located within the
BL3 laboratory. A double door autoclave with access outside the laboratory or facility
provides an excellent method for providing cear/contaminated materias flow. With
appropriate procedura controls, an autoclave may be located outside of the BL3
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94.4

laboratory providing it is located within the same building.
For summary of general containment guidelines for BL3 facility see Table 9-1.

Biosafety Level 3 Agriculture (BL3 Ag.). InARS, special features are required for
BL 3 facilities when research involves certain Class 3 etiologic agents and recombinant
organisms (animd or plant), large species of animals, exotic strains of endemic diseasss,
and exotic diseases of livestock. To accommodate research for the above identified
microorganisms and animals previoudy described, BL 3 facilities are modified to include
sdect features from maximum BL4 facilities. The specid BL3 facility for usein ARS s
designed asaBiosafety Level 3 Agricultural facility. The basic, mandatory design
changesinclude personnel change rooms; personnd and equipment air locks; a
double-door autoclave; single pass, directional, and pressure gradient air system; HEPA
filtration of supply and exhaugt air with specia eectricd interlocks to prevent
pressurizetion of the BL3 zone during electrical or mechanical breskdowns, a central
liquid waste water serilization system; seded interior surfaces (walls, floor, ceiling)
capable of passing aleak rate established by ARS, airtight ducts or hollow doors with
hinges or latch/knob areas sedled; air pressure gasket doors; restraining devices on
animal rooms; and a necropsy room and pathological incinerator if research involves trgps
and HEPA filtration of atmospheric vents.

The BL3 Ag fadility is usudly a separate zone within a building or a separate building,
with controlled access, specid physical security measures, and functions as a box within a
box principle. The details of the above identified components for the BL3 Ag facility are
covered under the BL3 and BL4 narrative sections and design consderations. The BL3
Ag facility requires specid testing and certification procedures which are detailed in the
remaining parts of this chapter. A BL3 facility isvery limited and is only to be provided
for research locations where the misson warrants this type of facility. A BL3 Ag facility
isnot BL4 and should not be designated as such. Badicdly, the need for aBL3 Ag
facility is necessary when the fadility itsdf serves as the primary barrier zone (containment
box) to house research animals or other materials for Class 3 etiological agents
(epizoonatic or zoonotic that are readily transmissible via the aerosol route and are
judged to have a high risk factor) or exotic strains of endemic diseases or excotic diseases
of livestock or plants. A specid feature of aBL3 Ag facility isthat severa normaly
referred to secondary
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barriersin containment facilities become primary barriers. Examples are sedled interior surfaces
(wdlls, celling, floor or contained laboratory and anima rooms), ventilation systems, pathologica
incinerator, effluent serilization system, HEPA filters, etc.

9.4.5

For summary of genera containment guidedinesfor BL3 Ag facility see Table 9-1.

Biosafety Level 4 (BL4). ARS does not have BL4 facilities and, at this time, does not
foresee aneed to congtruct a maximum containment facility. The incluson of information
is generic and intended to make the congtruction document comprehensve. The BL4
facility is designed to provide for the safe conduct of research involving biologicd agents
that are extremely hazardous to the laboratory worker, or that may cause serious
epidemic disease. The digtinguishing characterigtics of the BL4 facility is the provison of
secondary barriers which completely remove or inactivate hazardous agents which may
accidentaly escape the research environment. The barriersinclude: (1) physica barriers,
such as seded floors, walls and cellings, (2) air lock/change roomv/shower facilities for
personnel entry; (3) air locks for supplies and materids; (4) separate ventilation systems
with directiond airflow; (5) filtration of exhaugt air; (6) double door autoclavesto Serilize
laboratory refuse; and (7) a serilization system to treat potentialy contaminated liquid
wastes. These barriers serve to isolate the [aboratory from the surrounding research
environment and the neighboring community. Seeillustrationsin Figure 9-9.

BL4 facilities are generdly in a separate building but may be congtructed in aclearly
isolated areawithin abuilding. Because of the complexity and expense of the
containment, the facility may be divided into research and "clean” support zones. The
clean zones provide space for those |aboratory operations that do not involve hazardous
agents. The areas contain entrance and office rooms, laboratory support rooms for the
preparation of materias for use in the laboratory, holding "norma” animas, and washing
and gerilizing glassware, media and equipment; and mechanical and electricad rooms
which contain as much of the engineering support equipment that can be located outsde
of the research facility. These support zones are generally on the perimeter of the genera
research and animal research laboratories that are the protected areas. They provide a
buffer zone around the laboratories and are the areas from which personnd and materids
enter and leave the [aboratories.

The facility is arranged so that personnd ingresslegressis only through a ventilated air
lock/change room/shower room. Provision is made for separating street clothing
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from laboratory clothing. A double door ventilated vestibule or air lock with optiona
ultraviolet protection is provided for the passage of supplies and equipment. The doors
to these facilities are secured a dl times. Emergency exit doors are provided but secured
againg unauthorized use.

The wadls, floors and ceilings of the laboratories are congtructed to form an interna shell.
Wals are congtructed dab to dab and al penetrations are sedled. Exterior windows and
vison pands are of safety glass and are sedled. The double door autoclave islocated
within an exterior wal of the laboratory with the interior door sealed to the barrier wall so
that autoclaves maintenance can be performed outside the |aboratory zone. The facility is
rodent and insect proof and essentidly air tight to facilitate fumigation and gas
decontamination.

The BL4 laboratories have an independent air supply and exhaust system. The system is
operated to provide a negative air pressure within the laboratory area and directional
arflow. Thedirectiond arflow within the containment areais from aress of least hazard
potential toward aress of greatest hazard potential. Manometers are provided to sense
the pressure differentias that are established; the manometers are visble insde and
outside of the laboratory area and sound an darm when the differentid isdisturbed. The
ar supply and exhaust systems should be interlocked to prevent reversa of directiona
arflow inthe event of exhaust system failure,

The air exhausted from the BL4 laboratories is trested by passage through HEPA filters
and is discharged in amanner which will clear occupied buildings and air inteke. The
generd exhaudt filters are located as near as possible to the |aboratories to minimize the
length of contaminated air ducts. The filter housings are designed to facilitate the testing
of thefiltersin place after ingdlation and to permit filter decontamination before removal.
Backup filter units and fans facilitate filter changes and provide protection for ventilation
system falure. The supply air syssem may be filtered with 80-90 percent efficiency filters
to prolong the life of exhaust filters. Certain circumstances require that the supply air
system be equipped with sngle HEPA filters. It isdedrable that the air handling system
provide 100 percent fresh air to the facility, and at least 10 room air changes per hour.

The exhaust from Class|, Class |1, and Class |11 cabinets must be HEPA filtered before
discharged to the atmosphere. Class 111 cabinets must be double HEPA filtered or
treated by passing through a single HEPA filter, then air incinerated before discharge to
the atmosphere.
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The double doors of the autoclave provided for the decontamination of materias passing
out of the laboratory area should be interlocked so that the outer door can only be
opened after completion of the sterilizing cycle and prevent smultaneous opening of both
doors. A gas sterilizer, pass-through liquid dunk tank or cold gas decontamination
chamber should be provided for the safe removal of materia and equipment that are
steam or heet senditive.

Liquid effluents from the BL 4 |aboratories should be collected and decontaminated
before disposal into the sanitary sewers. Effluents from laboratory sinks, cabinets, floors
and autoclaves are serilized by heat trestment. Under certain conditions, liquid wastes
from shower rooms and toilets may be inactivated by chemicas.

Vacuum system exhaust and plumbing vents are filtered with HEPA filters

The primary containment for the laboratory worker in the BL4 laboratory is usudly
provided by the use of Class |11 cabinets. These are totally enclosed ventilated cabinets
of gas-tight congtruction. Operations within these cabinets are conducted through
attached rubber gloves. When in use the cabinets are maintained under a negative
pressure of 0.5 to 0.75 inches of water. The cabinet supply and exhaust air isfiltered
through single and double HEPA filters separately. The exhaust system for the cabinets
may be a dedicated system or integrated with the generd exhaust system.

Class |11 cabinets are generdly designed as a system of interconnected cabinets which
contain sufficient space for dl research procedures. Refrigerators, incubators,
centrifuges, animal cage housing and other equipment are housed in the cabinets so that
the research can be performed without removing materias from the cabinet system.
Double door autoclaves and chemical dunk tanks are ingtalled as an integra part of the
system to dlow for the safe introduction and removal of supplies and equipment.

A BL4 laboratory may aso have a suit areain which the operator is protected from the
potentialy contaminated environment by a one-piece positive pressure suit that is
ventilated by alife support system.

Supplied air is HEPA filtered as it entersthe suit. In such afacility the [aboratory area
becomes a primary barrier and theinternal shell of the arealisairtight. Entry to thisareais
through an air-lock fitted with airtight doors that are interlocked so that only one door can
be opened during entry or exit procedures. A chemical shower is used to decontaminate
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the suit before removd. The exhaugt air from this unit is filtered through two HEPA filters
in series. The negative pressure within thisarealis greater than in any adjacent area. The
auit'sar supply is provided with alarms and emergency backup tank air. Emergency
lighting and communications are provided.

For summary of general containment guidelines for BL4 facility see Table 9-1.
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9.5.2

PART 5. SPECIAL DESIGN ISSUES

General. Thispart providesthe specid design issues that must be addressed in the design of
abiologicd containment facility.

Architectural e ements.

a  Facility layout.

1

A containment facility shal be separated by controlled access zones from aress
open to the public and other laboratory personnel who do not work within the
containment facility.

Each laboratory module of the containment facility shal be cgpable of
accommodating abiologica safety cabinet.

Adequate means of egress shdl be provided from al |aboratories without
breeching containment or promoting cross contamination. Air locks, when
required, shall be provided and located at trangitiona points between the zones
through which personnel and/or materids must pass.

A foot, dbow, or automaticaly operated hand washing facility shdl be provided
near the exit area of each primary laboratory module.

b. Room envelope and interior finishes.

1

The design shdl include congtruction materids and finishes that are competible
with research materials and decontamination methods.

The surface finishes of walls, floors, and cellings shdl be resstant to liquid
penetration and be readily cleanable. The recommended floor surfaceisa
monolithic-type covering that is free of seams or cracks.

The openings in wals, floors, and cellings through which utility servicesand air
ducts penetrate shall be sedled to permit space decontamination. These openings
can be effectively seded by the gpplication of aliquid slicone plagtic. All sedls
shdl be ingtaled on both sides of penetration openings, at alocation readily
accessible for ingpection and maintenance.

The Laboratory shal be provided with adequate casework. Work surfaces shdl

be impervious to water and resistant to acids, akalis, organic solvents, and
moderate hest.
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953 M echanical elements.

a.  Airflow patterns.

1

Separate air handling systems shdl be provided for non-contaminated and
contaminated areas for isolation purposes.

No recirculation. In contaminated spaces each ar handling system shdl be
designed to utilize 100 percent outside air for heeting, ventilation and air
conditioning.

Direction of flow. The established direction of ar flow shdl be from less
contaminated to more contaminated spaces and shdl remain unchanged under
al conditions. Airflow direction within the laboratory room shdl be from the
entrance door toward the rear of the room.

Congant flow. Theair flow rate to each room shdl remain reasonably
congtant. Air flow rates shdl not be varied for purposes of temperature
controls. Theair changes shal be 8 to 10 (laboratories), 6 to 8 (offices), and
10 to 12 (anima rooms).

Negative pressures. A seriesof differentia pressures of 0.05 in wg shdl be
employed to control the direction of movement of airborne particles. Air
pressure shal be more negative in the zones that possess higher potentials for
contamination with infectious agents than in those possessing alower
contamination potentid.

b. Supply and exhaust systems.

1

L ocation. Active componentsin HVAC systems shd| be located outside the
containment envelope for ease of maintenance. Space must be provided
surrounding mechanica equipment for future preventive maintenance actions,

Capacity. The capacity of the exhaust system, fan, motor and drive shal be
15 percent greater than the capacity of the supply air system.

Gastight ductwork. Exhaust ductwork carrying contaminated air shal be

made pressure tight (as determined by the specified acceptance testing of
ductwork at +4 incheswg) including dl joints and seams.
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4.

Air filtration. The exhaust air from biologica safety cabinets, other
containment equipment, and laboratory space shdl be filtered through
high-efficiency particulate air (HEPA) filters before discharging to outside.
Specify the 99.97 percent efficiency filterslisted by the Nationa Sanitation
Foundation (NSF). Coarsefilters shdl be provided for trestment of air
supplied to the facility in order to increase the lifetime of the HEPA filters.

HEPA filter design and location. Supply/exhaust HEPA filters shdl be
located as close as possible to containment source and containment envelope to
reduce length of gas-tight ductwork. The HEPA filter housing shdl be desgned
to dlow physicd isolation from ductwork using low leskage certifiable dampers
or any other gpproved mechanica means to dlow in-place decontamination
before filters are removed and to facilitate certification testing after they are
replaced. Design shdl alow ease of accessfor a human of standard
proportions. Access ports must be functional, properly located and sedable.

Redundant fans. Redundant fans shal be consdered in the design of supply
and exhaud ar ventilation system.

Outside air intake. Inthe design of outsde air intakes, condgderation must be
given to their continuous operation in adverse weether. Rain and snow must be
baffled out of the air stream 0 it will not wet or dog the filter. Outsgde air
intakes shdl be separated as far as practicable from the points of exhaust. In
selecting locations, condderation shal be given to prevailing wind patterns of
the geographicd area. A supply HEPA filter isrequired in certain supply
ventilation systems in addition to the coursefilters.

Material of construction. All materidsfor ductwork, filter housngs, exhaust
fans, including protective coatings, shal be selected to withstand corrosive and
erogve conditions characterigtic of the exhaust gases that will be handled.

c. Services.

1

Service piping shdl beingaled with doping lines. Use backflow preventersto
isolate branch water lines. Piping should never be mounted in direct contact
with awall to avoid crevices tha might permit buildup of contamination, and to
promote ease of painting and cleaning.

Compressed ar/instrument air shall be protected by smal, in-line HEPAs
commercidly avalable.
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3. Floor drains. All floor drainswill have a minimum of 5-inch deep trgp which are
connected directly to the liquid waste decontamination system. All drain cleanout
plugs must be located within the containment zone.

4.  Vacuum system. If thereisacentra vacuum system, it shal not serve aress
outsde of the facility. In-line HEPA filters shdl be placed as near as practicable to
each use point or service cock. Filters shall be ingtdled to permit in-place
decontamination and replacement. Vacuum receiver tanks must be fitted with a
single HEPA filter and decontamination ports for the tank itself and the mechanica
pump.

5.  Other utilities. Other liquid (water) and gas services to the facility shall be
protected by devices that prevent backflow.

6. Hand washing facility. A foot, elbow, or automaticaly operated hand washing
facility shal be provided near the exit area of each primary laboratory module. The
snk shdl be congtructed of materias such as sainless stedl or epoxy-coated resins
which are resstant to possible chemica and other spillage. The drain shdl have a
removable, cleanable Srainer to prevent solid materias from getting into the drainage
sysem.

Electrical e ements.

a

Distribution pand. Separate power and lighting distribution panels shall be provided for
contaminated and non-contaminated aress.

Conduit and wiring. Conduit in contaminated areas shal be run exposed. Conduit shall
be of rigid sted, hot-dipped galvanized type. To prevent the spread of infectious agents
through insde openings of the conduit, conduit passing through the wal and/or floor from a
contaminated area to a non-contaminated area, or between areas of different levels of
contamination, shal be sedled usng Type EY S seding fittings. All sedls shdl beingdled

at aloceation readily accessible for ingpection and maintenance.

Lighting fixtureinstallation. Huorescent lighting fixtures shdl be inddled flush against
the celling to prevent dust accumulation.

Emergency power. A standby generator shdl be provided to be automatically switched
on in case of power outage within the building. To serve critica components only; eg.,
repogitories, anima rooms, emergency lighting.

Interlocks. Theair locks, pass boxes and double-door sterilizers shal be protected with
interlocks so that both doors cannot be opened smultaneoudy. The supply and exhaust
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fans shdl be interlocked to prevent pressurization in the event of exhaugt fan failure.

PART 6. TESTING AND CERTIFICATION REQUIREMENTSFOR CRITICAL
COMPONENTSOF BIOLOGICAL CONTAINMENT SYSTEM

9.6.1 General. Thispart provides the requirements for testing and certification that must be
conducted at the factory and/or field to verify the containment integrity of the critical components
of biologica containment system.

9.6.2 Testing and certification of biological safety cabinets. (Per NSF Standard No. 49
procedures).

a.  Processdiagram.

NOTE: Double linesindicate process for testing and certification of BSC plenums. Single linesindicate
additional test process required for al BSC with biologicaly contaminated plenums under positive pressure
to the room.

b. Test No. 1 (BSC)-Pressure decay/soap bubbletest.

The pressure decay/soap bubble test shal be performed on exterior surfaces of all BSC
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plenums to determine if welds, gaskets, and plenum penetrations or seals are free of leaks.

1

Apparatus (BSC).

A source of sogp solution (e.g., liquid detergent with alow surface tension, or
commercid test solution such as"lesk-tek", "search”, or "snoop").

A source of air pressure (portable tank or compressed air source).

A cdibrated and scaed manometer (preferably inclined), pressure gauge, or
pressure transduce.

Soft bristle brush or liquid squeeze bottle which can be used to apply sogp solution
to duct or plenum seams, welds, gaskets, or other locations which can be a point
source of air leakage.

Sedling plates to form isolation barriers.

Procedure (BSC).
Prepare the cabinet as a closed system; i.e., sedl the front window and exhaust port.
Remove decorative panels where necessary to expose plenums to be tested.

Attach a manometer, pressure gauge, or pressure transducer system to the test area
to indicate the interior pressure.

Pressurize the cabinet with air to areading of 2 in. wg and hold for 30 minutes. A
leskage of 10 percent of the origind pressureis dlowable.

If the cabinet leak exceeds 10 percent, spray or brush the liquid leak detector dong
al welds, gaskets, penetrations, or seals on exterior surfaces of cabinet plenums.
Leskswill be indicated by bubbles. Leakswill occur that blow the detection fluid
from the hole without forming bubbles, and may be detected by dight fed of arflow
or sound.

Repair/sed dl identified leaks and repeet test until the acceptance criteria specified
below is satiffied.

Acceptance criteria. (BSC - Pres.Decay/Soap Bubble Test)
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All welds, gaskets, penetrations, or sedls on exterior surfaces of air plenums shdl
hold pressure within 10 percent for 30 minutes or shdl be free of soap bubbles at 2
in. wg.

c. Test No.2(BSC) - Halogen leak test.

The halogen leak test shall be performed in addition to pressure decay/soap bubble test if
BSC has biologicaly contaminated air plenums under positive pressure relative to the
room. It will determineif exterior joints made by welding, gasketing, or seding with
sedants are free of lesks that might release potentidly hazardous materidsinto the
atmosphere.

NOTE: "Hdium" shdl be used asthe test gas, however, usng "freon" is acceptable
provided haogenated compounds are not outlawed in the time lgpse before testing
COMMENCES.

1. Apparatus.

. A source of sogp solution (e.g., liquid detergent with alow surface tension, or
commercid test solution such as"lesk-tek", "search”, or "snoop").

. A source of air pressure (portable tank or compressed air source).

. A cdibrated and scaed manometer (preferably inclined), pressure gauge, or
pressure transducer.

. Soft bristle brush or squeeze bottle which can be used to gpply soap solution to duct
or plenum seams, welds, gaskets, or other locations which can be a point source of
ar leakage.

. Sedling plates to form isolation barriers.

. Anindustrid type halogen leak detector capable of detecting a hdide leak of 1 x
107 cc/sec. The halogen leak detector shal be cdibrated in accordance with the
manufacturer's ingtructions using a caibrated lesk standard.

. A source of halide gas (Freon-Dichlorodifluoromethane).

2. Procedure (Haogen Leak Test).

. The room where testing will be performed shdl be free of halogenated compounds,
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and air movements kept to aminimum. No smoking should take place in the test
area.

. Prepare the cabinet as a closed system; i.e., sedl the front window and exhaust port.
. Remove decorative panels where necessary to expose plenums to be tested.

. Attach a manometer, pressure gauge, or pressure transducer system to the test area
to indicate the interior pressure.

. Pressurize the cabinet with air to 2 in. wyg, if the cabinet holds this pressure without
loss for 30 minutes, release pressure. |f the cabinet does not hold this pressure,
examine for gross lesks with soap solution, repair/sed dl lesks and repest test.

. Pressurize the cabinet to 2 in. wg with hdide gas (Freon - Dichlorodifluoromethane).
. Turn on cabinet blower for 30 seconds to circulate gas.

. Adjust the halogen leak detector to a senditivity setting of 5x 107 cc/sec, in
accordance with the manufacturer's ingtructions.

. Move the detector probe over seams, joints, utility penetrations, pand gaskets, and
other areas of possible leakage. Move the detector probe over the surface a arate
of approximately 1 inch per second, keeping the probe 1/4 to 1/2 inch away from
the surface.

. |dentify al points of leakage which exceed the lesk rate of 5 x 10° cc/sec.

. Repair/sedl dl identified leaks and repeet test until the acceptance criteria specified
below is satisfied.

3. Acceptance Criteria (BSC-Haogen Leak Test).
Absolute leskage from any point in the cabinet shal not exceed alesk rate of 5 x
10 cc/sec when the air inside the cabinet a 1 atmosphere is pressurized with 100
percent Freon R-12 to 2 in. wg. The haide detector must be set to respond to a
lower detectable concentration of 5 x 107 cc/sec to compensate for the dilution of
halide ges.

9.6.3 TESTING AND CERTIFICATION OF HEPA FILTER ASSEMBLY.
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a.  ProcessDiagram.
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b. Test No.1(HEPA) - DOP test.

The Dioctylphthaate (DOP) test shdl be performed to verify that the in-place HEPA
filters do not contain pinhole leaks in the filter media, the bond between the filter media and
thefilter frame, and in and around the filter frame gasket and filter supports.

1. Apparatus.

. An aerosol photometer with ether linear or logarithmic scale. The photometer shall
have a threshold sengitivity of a least 1 x 10 micrograms per liter for 0.3
micrometer diameter DOP particles and a capacity for measuring an 80-120
micrograms per liter concentration. The air sampling rate shdl be at least 1 cfm.

. A DOP generator of the Laskin nozzle(s) type. An aerosol of DOP particles shdl
be created by flowing air through liquid DOP. The compressed air supplied to the
generator should be adjusted to a pressure of 20 ps, measured a the entrance of
the nozzle, downstream of al redrictions. The nozzles shall be covered with DOP to
adepth not to exceed 1 inch.

2. Procedure (DOP).
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|solate and sedl thefilter plenum.

Place the generator so the DOP aerosol isintroduced into the filter plenum,
upstream of the HEPA filter.

Turn on the photometer and calibrate in accordance with the manufacturer's
indructions.

Measure DOP concentration upstream of the HEPA filter.

. For linear readout photometers (graduated 0-100), adjust the instrument to
read 100 percent while using at least one Laskin type nozzle per 500 cfm
arflow or increments thereof.

. For logarithmic readout photometers, adjust the upstream concentration to 1 x
10* above the concentration necessary for one scae division (using the
ingrument cdibration curve).

With the nozzle of the probe not more than 1 inch from the surface, scan the
downstream side of the HEPA filters and the perimeter of each filter pack by passing
the photometer probe in dightly overlgpping strokes over the entire surface of the
HEPA filter. Scan the entire periphery of thefilter and the junction between filter
and filter mounting frame. Scanning shdl be done a a traverse rate of not more than
2 inches/second.

Identify al points of leakage which exceed 0.01 percent of DOP penetration.

Repair/sed dl identified leaks and repeet test until the acceptance criteria specified
below is satified.

Acceptance Criteria (HEPA DOP Test).

Dioctylphthaate (DOP) penetration shal not exceed 0.01 percent a any point
measured by alinear or logarithmic photometer.
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9.6.4 TESTING AND CERTIFICATION OF A CONTAINMENT ROOM. (Penetrations,
wadlls, calling and floor surfaces in containment buildings).

a  Processdiagram.

Fleld
CEl'tlflEﬂ
___ —_—
Contaiment [=Test= Eecay ,— 11 =Rﬂpa.i L Seal
Retost

b. TEST NO.1(CONTAINMENT ROOM) - PRESSURE DECAY/SOAP BUBBLE
TEST.

Thistest shdl be performed to determine if the wals, ceiling, and floor surfaces of a
containment building or room can serve as a barrier to prevent environmenta release of
hazardous materia or |eakage between adjacent areas.

NOTE: Thistest can be conducted under vacuum or pressure as described below:

1. Apparatus (Pressure Decay/Soap Bubble).

. Seding materids (wood, meta, or plastic plates; pressure sengtive tape, sheet of
plagtic, rubber stoppers) to form isolation barriers within the test zone.

. Source of air pressure (portable tank or compressed air).

. A cdibrated and scaled manometer (preferably inclined), pressure gauge, or
pressure transducer.

. A source of sogp solution (e.g., liquid detergent with alow surface tension, or
commercid test solution such as"lesk-tek", "search”, or "snoop").

. Soft bristle brush or squeezable bottle which can be used to gpply soap solution to
the surface.
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2. Procedure (Pressure Decay/Soap Bubble).

. Sed dl externd openings. Sedling materials shdl cover and sedl only the opening so
as not to cover the adjacent permanent sedl's, which would not permit testing these
Sedls.

. Pressurize room or building with air to 2 in. wg.

. Observe and record test pressure and decay rate.

. Survey dl joints, corners and seadled penetration for audible leaks. Mark each legk
and repair after shutting down the source of air pressure. Do not apply aretest until
sedant or other repairs have set.

. Further leakage can be found using the soap bubble test.

. Apply soap or commercid detector solution on dl joints, corners and sealed
penetrations or other locations which can be apoint source of air leakage.

. Edtablish 2 inches negative pressure in the room and observe for bubble formation.
Leskswill be indicated by bubbles. Leakswill occur that blow the detection fluid
from the hole without forming bubbles, and may be detected by dight fed of arflow
or sound.

. Mark each leak and shut down the source of air pressure.

. Repair/sed dl identified leaks and repeet test until the acceptance criteria specified
below is satisfied. Do not apply aretest until sealant or other repairs have sat.

3. Acceptance Criteria (Containment Room-Pr es.Decay/Soap Bubble Test).
The air lesk rate shal not exceed 7 percent per minute (logarithmic of pressure

agang time) over a20 minute period a 2 in. wg. Normdly, thisar leek rateis
equivaent to 0.05 in. wg pressure lossin 1 minute at 2 in. wgp.
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9.6.5 TESTING AND CERTIFICATION OF WELDED DUCTWORK.
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a.  Processdiagram.

b. TEST NO. 1(WELDED DUCTWORK) - PRESSURE DECAY/SOAP BUBBLE
TEST.

Thistest shdl be performed asapreiminary test to locate lesks in the system so they can
be corrected prior to proceeding with the more stringent acceptance criteria of the
halogen leak test (final), and thereby avoiding the contamination of the surrounding
background with the halogenated compounds that might interfere with the halogen
compound detection instrument during fina testing.

1. Apparatus (Pressure Decay/Soap Bubble).

. A source of sogp solution (e.g., liquid detergent with alow surface tenson, or
commercid test solution such as"legk-tek”, "search”, or "snoop").

. A source of air pressure (portable tank or compressed air source).

. A cdibrated and scaed manometer (preferably inclined), pressure gauge, or
pressure transducer.
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Soft bristle brush or liquid squeezabl e bottle which can be used to gpply soap
solution to duct or plenum seams, welds, gaskets, or other locations which can bea
point source of air leakage.

Sedling plates to form isolation barriers.
Procedur e (Pressur e Decay/Soap Bubble).

Expose dl exterior surfaces of ducts and plenums. All joints must be reedily
accessible to perform thistest.

Isolate and sedl the system to be tested.

Attach a manometer, pressure gauge, or pressure transducer system to the test area
to indicate the interior pressure.

Pressurize ducts and plenums with air to areading of 4 in. wg. Allow sufficient time
(20 to 30 minutes when room temperature is about 77°F) for the temperature insdde
the duct/plenum to equilibrate within 2°F of the outside surroundings before
proceeding. Thistemperature gradient shal be reported in the find report.

Observe and record the test pressure and decay rate.

Apply soap or commercid detector solution on dl joints, gaskets, penetrations, or
sedl's on exterior surfaces of ducts and plenums, and observe for bubble formation.
Leskswill be indicated by bubbles. Leakswill occur that blow the detection fluid
from the hole without forming bubbles, and may be detected by dight fed of arflow
or sound.

Mark each leak and shut down the source of air pressure,

Repair/sed dl identified leaks and repeet test until the acceptance criteria specified
below is satisfied. Do not apply aretest until sealant or other repairs have sat.

Acceptance criteria (Welded Ductwork). (Pres.Decay/ Soap Bubble Test)

All welds, gaskets, penetrations, or seals on exterior surfaces of ducts and plenums
ghdl hold air pressure for 20 minutes and shall be free of sogp bubbles at 4 in. wg.

c. TEST NO.2(WELDED DUCTWORK) - HALOGEN LEAK TEST.
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The halogen lesk test shdl be performed on al welded ductwork and plenums as afind
test to determine if exterior joints made by welding, gasketing, or seding with sedlants are
free of leaks that might release potentially hazardous materias into the atmosphere.

Access doors (for HEPA filters or dampers) in the ductwork or plenums located within the
established containment boundaries shdl be tested and certified as part of the ductwork
System.

NOTE: "Hdium" shdl be used asthe test gas, however using "freon" is acceptable
provided halogenated compounds are not outlawed in the time lgpse before testing
COmMmMmences.

1. Apparatus(Halogen Leak Test).

. An industrid type halogen leak detector capable of detecting ahalogen lesk of 1 x
107 cc/sec (e.g., General Electric Ferrett, G.E. Catalog No. 50-420-810 HFXK or
approved equd).

. The halogen leak detector shdl be cdlibrated in accordance with the manufacturer's
ingtruction using acdibrated leak standard (Genera Electric LS20, Catalog No.
50-420-701 AAAMI (0-10 x 10" cc/sec) or equdl.

. A source of halogen gas (Freon - Dichlorodifluoromethane).

. Respirator equipped with a cartridge for organic vapor remova to be worn by
person generating gas on high pressure side.

. Two-way communication system.

. A cdibrated and scaed manometer (preferably inclined), pressure gauge, or
pressure transducer.

2. Procedure (Halogen Leak Test).
. Remove hal ogenated compounds from the test area.

. Cdlibrate the leak detector according to the manufacturer's ingructions. Adjust the
leak standard to indicate aleak rate of 1 x 107 cc/sec.

. Prior to testing, perform a background scan of the area to insure the atmosphere is
free of halogenated compounds.
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9.7.1

9.7.2

9.7.3

9.74

9.75

. Pressurize dl sealed ducts and plenumsto 4 inches wg with a Freon/air mixture
(1-Freon and 9-air by volume mixture).

. Move detector probe over seams, joints, gaskets, and other areas of possible
leakage at arate of approximately 1 inch/sec. Keep detector probe approximately
1/4 to 1/2 inch away from the surface.

. |dentify al points of halogen leskage which exceed 1 X 10° cc/sec.

. Repair/sed dl identified leaks and repest test until the acceptable criteria specified
below is satisfied. Do not apply aretest until sealant or other repairs have sat.

3. Acceptance Criteria (Welded Ductwork - Halogen Leak Test).

Lesk rate shall not exceed 1 x 10° co/sec.

PART 7. BID DOCUMENT PREPARATION

Scope. This part provides specid requirements relative to the preparation and development of
condruction drawings and specifications for abiologica containment facility.

Demolition and temporary work. For renovation of exigting containment facility, the overdl
renovation work shal be carefully examined for their impact on adjacent unrenovated facilities.
The congruction drawings and specifications shdl address the following.

a.  Decontamination requirements and debris disposa guidelines during demoalition.

b.  Temporary conditions required by demoalition and phasing (dust partitions, security
partitions, temporary AHU requirements, etc.).

Containment boundaries. The contract documents shdl include floor plans showing the
containment boundaries. The drawings shal indicate the location of barriers which are not to
have penetrations, and locations of barriers which may have penetrations.

Penetration details. The contract documents shdl include specid detailsfor seding all
penetrations through containment barriers. Specid details shal be developed for every
penetration including structurd, ductwork, al types of pipe, conduit, wire, gang boxes,
telephone/data cabling, control tubing, etc.

Sealing existing and new openings. The contract documents shal detail the required method
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9.7.6

9.7.7

9.7.8

9.7.9

of sedling exigting and new openings. This shdl include any surface materias as necessary to
provide amonolithic surface of containments to meet the appropriate lesk-tightness tests.

Pressure levels and directional airflow. The contract documents shdl include containment
floor plans and schematics showing pressure levels and relationships, airflow direction, and
CFM capacities. One common base atmospheric point should be used for al systems.
Consder effects of dynamic actions (elevators, doors, hood changes) on pressure relationships
and system response.

Name Brand Specification. In ahbiocontainment construction work, it may be necessary to
specify materids or products which are not commonly used and may be hard to find. In such
casesitis permissible to specify the source of the uncommon product by stating the supplier's
name and address, and trade name of the product subject to the following conditions:

a. When more than one source of the uncommon product is found, both/al must be listed.

b.  The project specification shal contain the following statement: "The use of atrade name
and supplier's name and address in the specification isto indicate a possible source of the
product. The sametype of product from other sources shal not be excluded provided
they possess like physical characterigtics, color, and texture. If the product isfrom a
foreign supplier, it shdl be subject to the Buy America Act”.

Testing Requirements. All testing and certification requirements of the contractor shal be

specified. Anitemized list of equipment to be tested and types of testing required must be

included. For containment the requirements for testing of ductwork and rooms must be

gpecified. The following equipment and systems should be, at a minimum, tested and validated.

a  Lesktightness of supply and exhaust ductwork at pressures specified.

b. Factory-testing of HEPA filters and other critica components.

c. Hddteding of HEPA filters after ingtdlation.

d. Soundlevesin laboratories and animal rooms.

e. Differentid pressures and/or directiond airflows between adjacent aress.

f.  Fdd tesing of biological sfety cebinets.

Project close-out requirements. The contract documents shdl clearly spell out project
close-out requirements. Issues to be addressed in specifications shdl include ingpection punch
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list, acceptance criteria, warranties, certifications, testing/start-up of equipment, validation of
systems operation, containment testing, €tc.

PART 8. GLOSSARY OF TERMS
Absolute Filter - See HEPA filter.
Aerosol - A suspenson of very fine particles of solid or liquid in air or gas.

Air Lock - A section of corridor isolated by doors, used to separate areas with different levels of biohazard
and a different air pressures, which permits passage of personnel and/or equipment normally without
arflow. Under specid conditions, air locks may be pressurized by the addition of a HEPA filtered air
supply. When air locks are treatable with paraforma dehyde, the doors shdl be gastight and an exhaust duct
can be run to the nearest autoclave exhaust hood or to the atmosphere to evacuate the paraformal dehyde
from the air lock. A manua damper is provided outside the air lock for use when evacuating the air lock.
Seedso "UV Air Lock."

Airtight or Airtight - See "Gastight."

Aircraft Grade Compound - A sedling compound used for sealing biologica safety cabinets and for other
caulking uses where a gastight sedl is required.

Animal Cage - Container, generdly metal, but may be of plastic, either autoclavable or disposable,
designed for permanent housing of (usudly individud) animas, may be individudly ventilated or open to
surrounding atmosphere. Used in both non-biohazard or biohazard aress.

Animal Cage Rack - Stack of sted shelves, generally movable, used to hold anima cages.

Area- Geneadly usad in this chepter to designate a portion of abuilding a agiven leve of biohazard as set
off from adjoining portions of different biohazard levels. Used somewhat interchangeably with "space.”

Attic - An important utility service areafor the laboratories, contains much service equipment including
the centrd ventilation equipment.

Autoclave - A chamber used for heat Serilization of materials and equipment by direct exposure to Seam
under pressure. An autoclave that has been modified to permit optiona use of a gaseous decontaminates
instead of eam is generdly referred to as a"gas Serilizer” in this chapter. See dso "Gas Sterilizer."

Back Flow Preventer - A manufactured piping device of the type that has two independently acting check
vaves and one spring-loaded, digphragm-activated differentid pressurerdief vave. Itisingaled in awater
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supply lineto prevent reversa of water flow in case the supply pressure fals below the downstream
pressure. See aso "Vacuum Breaker."

BAS - Building Automation System- A computerized sysem with a multitude of points for measuring
(and in some cases controlling) flow rates, temperatures, pressures, etc. Can be used for fire protection,
security requirements, and HVAC controls (including pumps, blowers, compressors, etc.).

Biohazard - Any materid, equipment, person, or animal in abiohazard areais consdered to be
contaminated with infectious microorganisms.

Biohazard Area- A building areawith definite boundaries where hazardous biologica work is being
carried out, separated from non-biohazard and other biohazard areas by suitable barriers.

Biohazard Change Room - Dressing room for remova of |aboratory-type clothing before entering clean
change room, through a mandatory shower, to don street clothing.

Biohazard Service - A sarvice or utility, such aswater or vacuum, which serves a biohazard areaand is
therefore segregated from smilar services to non-biohazard areas even though the service itsdlf is
non-biohazard.

Biohazard Suite - A group of biohazard laboratory roomsthat is isolated from non-hazard areas and other
areas by change rooms and UV air locks.

Biological - Aninfectious microorganism or toxin that is being handled in the course of research,
development, or testing.

Biological Safety Cabinet, Class| - See"Class| Biologica Safety Cabinet."
Biological Safety Cabinet, Class|| - See"Class |l Biologica Safety Cabinet."

Biologically Separated - Term applied to areas that are isolated from each other by air locks, change
rooms, and shower.

Blowcase - See "Waste Collection Treatment Unit."
Cabinet, Class| - See"Class| Biologica Safety Cabinet.”
Cabinet, Class || - See Class || Biological Safety Cabinet.”

Cabinet, Class|I1 - See"Class |11 Biologica Safety Cabinet.”
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Cabinet Array - A number of Class |1 biologica safety cabinets joined together. An array may be divided
into two or more cabinet systems by gastight doors or fixed partitions.

Cabinet System- A number of Class I biologica safety cabinets joined to provide a Single space with a
sngleinlet and exhaudt for ventilation.

Cage-  See"Animd Cage"
Cage Rack - See"Anima Cage Rack."

Caulking - Such as silicone sedant; See aso "Aircraft Grade Compound” and " Congtruction Grade
Compound.”

Change Room(s) - Grouping of dressing rooms, locker rooms, lavatories, air locks, and showers to
provide personnel access to and egress from biohazard areas without alowing escape of any biohazard; See
as0 "Clean Change Room" and "Biohazard Change Room."

Class| Biological Safety Cabinet - A prefabricated, ventilated enclosure that provides a physical barrier
between aworker and a hazardous operation. It may be used with an open front (or open glove ports or
with attached gloves) and a high rate of ventilation away from the operator, like afume hood, or with a
closed front and attached rubber gloves. In the latter use, protection depends upon a negative pressure
maintained within the cabinet. The ventilated air exhausts through a HEPA filter.

Class|1 Biological Safety Cabinet - A prefabricated ventilated enclosure for personnd, product, and
environmenta protection having an open front with inward airflow for personne protection, HEPA filtered
laminar arflow for product protection, and HEPA filtered exhaust air for environmentd protection. Different
models are available; Seetext for description of types.

Class11 Biological Safety Cabinet - A prefabricated, gastight, and ventilated enclosure maintained at
negetive pressure in which some BL3 or dl BL4 work is done using atached rubber gloves with asingle
HEPA filter on the inlet and a double HEPA filter on the exhaust.

Clean - Has been commonly used in the past to mean "free of harmful microorganisms' but has been
replaced by "non-biochazard” (except in the term "clean change room") to avoid possible confusion with the
specid meaning (of being dust free) given to "clean room" or "clean ared’ in the aerogpace industry. When
used in this chapter, "clean” hasits ordinary meaning of "unsoiled” without reference to microorganisms.

Clean Change Room - Dressing room for removal of street clothes and donning laboratory clothing before
entering biohazard change room through an air lock. (Clean is an exception to the use of non-biohazard.)

Clean Room - See"Clean."
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Congruction Grade Compound - A sedling compound used for al exterior and interior caulking, except
where aircraft grade compound is required (see "Aircraft Grade Compound”).

Decontamination - The word "decontamination” is a provincia term used to describe dl gerilizing,
disnfecting, sanitizing, and washing procedures.

Decontamination Shower - See "disinfectant shower."
Demand Factor - Percent of tota connected load (for utilities).

Diaphragm Valve - Widely used in biohazard service because of zero leakage at the stem (dlso referred to
as"Saunders Vave').

Disinfectant Shower - Unit a exit from ventilated suit areain which suit is externdly decontaminated for a
specified time, by amist or spray of disinfectant such as peracetic acid, before being removed.

Exfiltration - (Ventilation Term) ductless flow of air from a space to an adjoining pace at lower pressure.
Freon-tight - See "Gastight.”

Gas Sterilizer - An autoclave that has been designed to permit optional use of a gaseous decontaminates
ingtead of steam for gerilizing materids. Gas Stevilizer can be purchased specificaly for GASUSE ONLY.

Gastight - Free from leakage when subjected to the standard halogen leak test.
Germfree - Free of dl microbid life detectable by examination.
Glove Box - See"Class 111 Biologica Safety Cabinet."

Gravity Exhaust - (Ventilation term) discharge of air, resulting only from pressure differentid, from a
ventilated room to the outdoors through an exhaust duct.

High Efficiency Particulate Air (HEPA) Filter - A throwaway, extended/pleated medium, dry-type filter
with: (1) rigid casing enclosing the full depth of the pleats, (2) minimum particulate remova of 99.97 percent
for thermaly generated monodisperse dioctyl phthalate (DOP) smoke particles with adiameter of 0.3 um,
and (3) maximum pressure drop of 1.0 in wg (25.4 mm) when clean and operated at rated airflow capacity.
Other types of HEPA filters are available; e.g., ceramic sinterred meta, etc., for pipeine filtering and other
uses.

Hood Area- See"Ventilated Suit Area”
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I nfectious Microor ganisms- As used in this manud, the term is restricted to microorganisms infectious for
man or domestic animals.

Infiltration - (Ventilation Term) ductless flow of ar into a gpace from an adjoining space a higher pressure.
Laminar Flow- Straight-line, eddy-free flow, applied specificaly to arflow as a means of controlling
gpread of agrosols in the ventilation of biohazard work areas. Employed in clean rooms, down flow rooms,

and crossflow rooms in the aerospace and pharmaceutica industries.

Magnahelix Gauge - Instrument used to measure differential pressure; i.e., between Class || safety cabinet
and the room and/or between laboratory room and halway.

Mask -  See"Respirator.”

Mask Air - Piped supply of conditioned air for ventilated personnd suits and hoods. See dso "Ventilated
Suit.”

Non-Biohazard Area- An areawith definite boundaries designed to be free of harmful microorganisms.
See dso "Clean.”

Microorganisms - In this chapter, when not qudified, refers to infectious microorganisms.
Non-Biohazard Change Room - See "Clean Change Room."

Pass Box - A double-doored chamber arranged to permit transfer of material and equipment between two
confined spaces of different biohazard levels such as a safety cabinet and the room, two safety cabinet
systems, aroom and a corridor, etc. May employ steam, gas, U.V. radiation, or liquid as the
decontamination agent. See dso "Autoclave’ and U.V. Pass Box".

Pasteurization - Heat treetment of aliquid under conditions of time and temperature (usualy 200 degrees
F) that will substantidly reduce, but not completely eliminate, the population of microorganisms.

Peracetic Acid - One of the compounds used for disinfecting suits.
Per acetic Shower - See "Dignfectant Shower."

Personal Assistance Alarm - An emergency manua aarm activated by pull station (usudly located near
an exit) and/or emergency shower flow switch.

PipeLineFilter - A HEPA filter desgned to withstand Sterilization.
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Plenum - When not otherwise specified, refersto filter chamber or filter housing in a centrd ventilation
sysem.

Post-Wide Alarm System - A system to detect abnorma operation of any critical or important mechanical
device or sysem. Warning is given at a building annunciator panel and at a centra annunciator pand thet is
manned 24 hours a day.

Pressure-tight - Free from leakage in a soap test a +4 inches wg pressure.

Receiving Room, Biohazard - An areafor holding biohazard equipment and materids until they can be
gterilized and passed through double-door autoclaves or gas sterilizers that open into the non-biohazard
receiving room.

Receiving Room, Non-biohazard - A service room generdly a the rear of the building that is maintained
asanon-biohazard area. Supplies ddivered to the building are placed in the recelving room before transfer

through aU.V. air lock to the biohazard receiving room.

Refuse Incinerator - A fud-fired furnace for the combustion of organic wastes, in which al gaseswill
have reached a minimum temperature of 1400 degrees F before discharge.

Respirator - A conventiond device covering the nose and mouth, which provides afilter for inspirated air.

Rodent-Proof - Incorporating prescribed structural and architectura featuresin building design that prevent
access or harboring of rodents and other vermin.

Safety Cabinet, Class| - See"Class| Biologica Safety Cabinet.”

Safety Cabinet, Class |1 - See"Class |1 Biologica Safety Cabinet."

Safety Cabinet, Class|11 - See"Class |1l Biologica Safety Cabinet."

Safety Shower/Eye Wash Station - A combination emergency plumbing fixture with drench-type shower
and two eyefface wash heads. Ingtdled in every chemicd, battery, and radiologica use areaand as
otherwise required.

Sealant - See"Aircraft Grade Compound" and "Construction Grade Compound.”

Service Piping - Piping other than waste piping or process piping.

Shower - See"Change Room", "Dignfectant Shower", and " Safety Shower/Eye Wash Station.”
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Speaking Diaphragm - Plagtic sheet indaled in wall, door, or window to permit voice communication
through barrier between areas of different biohazard levels.

Steam Seal - Section of piping between two valves, kept filled with steam when not in use, to isolate a
vesH or line from another vessd or line from waste drain lines, c.

Sterilization - Complete destruction or inactivation of microorganisms.

Sterilizer - See "Autoclave.

Suit Area- See"Ventilated Suit Area”

Suite-  See"Biohazard Suite"

System - See"Cabinet System.”

Toxin - A metabolic product of microorganisms poisonous to man or animals.

U.V. Air Lock - Anair lock located between areas of different levels of biohazard and air pressure. For
the trandfer of personne and/or equipment. The interior isacurtain of UV. Clothing work in the biohazard

laboratory is discarded into the laundry bag in the biohazard change room.

U.V. Pass Box - A passbox inwhich U.V. radiaion is used for surface decontamination of materia or
equipment. See "Pass Box."

Vacuum Breaker - A devicethat isingtdled in aline or tank, where the bresker is not subjected to a
downstream back-pressure, to prevent reversa of flow in case of accidental occurrence of an upstream
suction.

Ventilated Cages - See"Anima Cage."

Ventilated Hood - Hood covering entire head, pressurized with conditioned air by same hose system
serving ventilated suits.

Ventilated Suit - Pressurized outer garment (including head, hands, and feet), supplied by hose with
conditioned air, and worn in areas of high risk from infectious aerosols such as some animal rooms.

Ventilated Suit Area- Areaof high hazard in which workers are protected by ventilated suits and which is

separated from adjoining area of lower biohazard risk by various barriers including change rooms provided
with disnfectant showers.
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Vermin Proof - See "Rodent Proof."

Viewing Panel - Fixed window suitably sedled into an interior wall or door between two areas of different
biohazard levels.

Viewing Window - See"Viewing Pand."

Waste Collection Tank - See "Waste Collection Trestment Unit."

Waste Collection Treatment Unit - A waste collection and trestment unit, generdly serving one building,
congsting of atank in which the biohazard liquid waste is collected, Sterilized or pasteurized by steam either

continuoudy or batch-wise, and discharged to the main municipa-type sewer sysem. Commonly caled
"blowcase."

Waste Piping - Unless specified as "sanitary™ or "storm water", refers to piping handling biohazard waste
(biohazard sewer).
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CHAPTER 10. ANIMAL RESEARCH AND CARE FACILITIES
PART 1. GENERAL

10.1.1 Scope: This chapter provides generd guidance in the planning and design of animal research and
carefacilities.
10.1.2 ARSPoalicy:
a.  ARSanimd research and care facilities shdl be designed in accordance with the Animal
Weéfare Act (9 CFR Parts 1, 2, and 3) and the NIH Guide for the Care and Use of
Laboratory Animals, 1985 (or later revisons as available) and other gpplicable Federa laws,
guiddines and policies.
b. Thedesgn of fadilitiesfor animd research and care shdl provide for living conditions of
animals gppropriate for their species and contribute to their hedth and comfort. Design must

ensure that dl research animas are protected to prevent transmission of diseases among
animds and to and from humans.

PART 2. ANIMAL WELFARE CONSIDERATIONS

10.2.1 General: The caging or housing sysem shdl be designed carefully to facilitate anima well-being
and mest research requirements.

a.  Thehousng sysem ghdl:

1) Provide space that is adequate as defined by law and guiddines (See 10.1.2a), permits
freedom of movement and normd posture adjustments, and has aresting place
appropriate to the species, and exercise (if required by law for the species).

2) Provide acomfortable environment.

3) Provide an escape-proof enclosure that confines animals safely.

4) Provide easy accessto food and water.

5) Provide adequate ventilation.

6) Met the biologica needs of the animds; e.g., maintenance of body temperature, urination,
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defecation, and if gppropriate, reproduction.
7) Keeptheanimasdry and clean, consstent with specid requirements.
8) Avoid unnecessary physica restraints, and protect the animas from known hazards.

The Caging Systems shdl be designed to comply with the Anima Wefare Act (9 CFR Parts
2 and 3) and the NIH Guide for the Care and Use of Laboratory Animals, 1985 (or later
revisons). They shal be congructed of sturdy, durable materids and designed to minimize
cross- infection between adjoining units. To smplify servicing and sanitation, cages shdl have
smooth, impervious surfaces that neither attract nor retain dirt and a minimum number of
ledges, angles, and cornersin which dirt or water can accumulate. The design shdl dlow
ingpection of cage occupants without disturbing them. Feeding and watering devices shal be
easly accessible for filling, changing, and servicing.

10.2.2 Housing Facilities- General: Housng facility shdl mean any land, premises, shed, barn,
building, trailer, or other structure or area housing or intended to house animals.

a

Structural Strength: Indoor and outdoor housing facilities shal be structurdly sound and
shdl be maintained in good repair, to protect the animals from injury, to contain the animas,
and to redtrict the entrance of other animals and to restrict the entrance of unauthorized
humans.

Water and Electric Power: Rdiable and adequate dectric power and adequate potable
water shdl be avallable. A separate emergency generator shdl power al environmenta
controls that are required for systems essentid for the animal's hedlth (e.g., heating, cooling, air

supply).

Storage: Supplies of dry food and bedding shal be stored in specid roomsin animd facilities
which adequately protect such supplies againgt moisture accumulation and infestation or
contamination with vermin.

Waste Disposal: Inanima facilities, a separate exit (not used for arriva of clean supplies)
shall be provided for the removal and disposal of anima and food wastes. Provisons shdl be
made for the remova and disposa of anima and food wastes, bedding, and dead animas and
debris. Digposd facilities shdl be so provided and operated as to minimize vermin infestation,
odors, and disease hazards.

Washrooms and Sinks: Facilities such as washrooms, sinks, or basins, showers and toilets,
shdll be provided to maintain cleanliness among anima caretakers.
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10.2.3 Housing Facilities- Indoors:

a

Heating: Indoor housing facilities for species shdl be sufficiently heated when necessary to
protect animals from cold, and to provide for their comfort. The temperature ranges are listed
in the Anima Wefare Act and/or NIH Guide for the Care of Laboratory Animas. The
ambient temperature shal not be alowed to fal below 50°F for animals not acclimeated to
lower temperatures.

Ventilation: Indoor housing facilities shdl be adequatdly ventilated to provide for the hedth
and comfort of theanimds at dl times. Fadlitiesfor small animas shdl not have windowsin
the core anima housing rooms. They shdl have air intake and exhaust vents and air
conditioning organized so that air circulates through the entire room (without dead spots) and
there shdl be a least 15 exchanges of new (not recirculated) air per hour. Moisture content
shdl be in the range appropriate for the pecies. Air conditioning shal be avallable a al times
to maintain the temperature within the range appropriate for the species. The entire ventilation
system shdl dso be served by an emergency generator that assures proper ventilation to the
animals during power problems.

Lighting: Indoor housing facilities for animas shdl have ample, good qudlity atificid light in
the gppropriate spectrum and daily light cycle required by the species. Room lighting shall
provide uniformly digtributed illumination of sufficient light intendity to permit routine ingpection
and deaning during the entire working period. Animas that require choice of dark or light
during the "day" period shdl be provided with the means (through cage design) to make this
choice.

Interior Surfaces: Theinterior building surfaces of indoor housing fecilities shal be
congructed and maintained so they are substantialy impervious to moisture and coated with
mold-resistant paint whenever possible. Floors should be seamless (to minimize microbid
contamination and facilitate cleaning).

Drainage: If closed drainage systems are used, they shall be equipped with traps and so
installed as to prevent any backup of sewage onto the floor of the room.

10.2.4 Housing Facilities - Outdoor s:

a

Shdter From Sunlight: When sunlight islikely to cause overheating or discomfort, sufficient
shade shdll be provided to alow animals kept outdoors to protect themselves from the direct
rays of the sun.

Shdter From Rain or Snow: Animals kept outdoors shal be provided with accessto allow
them to remain dry during rain or snow.
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c. Sheter From Cold Weather: Shdter shal be provided for animas kept outdoors when the
atmospheric temperature fals below 50°F. Sufficient clean bedding materia or other means of
protection from the weether elements shdl be provided when the ambient temperature fals
below that temperature to which the animd is acclimated.

d. Drainage: A suitable method shal be provided to rapidly iminate excess water.

PART 3. DESIGN FEATURES
10.3.1 Physical Relationship of Animal Facilities To Laboratories. Locate anima housng areas
adjacent to or near laboratories, but separated from them by barriers such as entry locks, corridors,
or floors.

10.3.2 Functional Areas: Thesze and nature of afacility will determine whether areas for separate
sarvice functions are possible or necessary.

a  Sufficent anima areais required to:
1) Ensure separation of species or isolation of individua research projects when necessary;
2) Recdve, quarantine, and isolate animds; and
3) Providefor animd housng.
b. Generdly, fadlities shdl make providons for the following service functions:
1) Specidized laboratories or individua areas contiguous with or near anima housing aress
for such activities as surgery, intensive care, necropsy, radiography, preparation of specia

diets, experimental manipulation, treatment, and diagnostic laboratory procedures.

2) Contanment facilities or equipment, if hazardous, biologicd, physicd, or chemicd agents
areto be used.

3) Receiving and storage areas for food, bedding, pharmaceuticals and biologics, and
supplies.

4) Spacefor the adminidration, supervison, and direction of the facility.

5) Showers, Snks, lockers, and toilets for personndl.
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6) A room or suite of rooms for washing and sterilizing equipment and supplies, and,
depending on the volume of work, machines for washing cages, bottles, glassware racks,
and wagte cans; a utility sink; an autoclave for equipment, food, and bedding; and separate
areas for holding soiled and clean equipment.

7) Anareafor repairing cages and equipment is desirable, but may not be practica in the
same building if the animd fadility issmdll.

8) An areato store waste prior to incineration or removal.
10.3.3 Noise Control:

a.  Noise control isan important consderation in facility desgn. Equipment noises and low pitch
rumbles can lead to anima stress and human careteker stress. Mgor equipment such as used
for heating and cooling (including emergency generators) should be separated from animal
housing rooms and offices for caretakers by partitions desgned to minimize transfer of stressful
sounds and vibrations.

b.  Within animd facilities, noisy activities, such as cage washing and refuse disposd, shdl be
carried out in gpecia rooms separated from the for animal housing rooms by a combination of
(1) placement of clean storage rooms between those in which noisy activities take place and
animal housing rooms, and (2) surrounding the rooms in which the noisy activities take place
with extrathick walls.

c. Noisy animds, such as dogs and nonhuman primates, shal be housed away from rodents,
rabbits, and cats.

10.3.4 Water Supply:
a  Animasshdl be provided with continuous access to fresh, potable, uncontaminated drinking

water, according to their particular requirements. Watering devices, such as drinking tubes
and automatic waterers shall be provided.

10.3.5 Materialsand Finishes. Building maerids shdl be sdected to fadilitate efficient and hygienic
operation of animd facilities.

a.  Durable, moistureproof, fire resstant, seamless materials are most desirable for interior
surfaces.

b. Pantsand glazes, in addition to being highly resstant to the effects of chemical solvents,
cleaning agents, and scrubbing, shdl be highly resistant to the effects of high pressure sprays
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and impact. They shdl be nontoxic if used on surfaces that come into direct contact with
animals.

10.3.6 Floors, Walls, and Ceilings:

10.3.7

a

f.

Animd laboratories shal have impervious surfaces and structurd joints that are vermin-proof
and easly cleaned and decontaminated.

Thewalls and floors shdl be monoalithic and made of washable and chemicaly resstant pladtic,
baked enamdl, epoxy, or polyester coatings.

The monoalithic floor covering shdl be carried up 8 inches of the wall to prevent accumulations
of dirt and wagtes in the corners.

Corridors subject to heavy traffic from trangportation of cage racks and hand trucks handling
feed and wastes shdl be constructed of materials resstant to wear and frequent washing with
detergents and disinfectants.

Walsin corridors and anima holding rooms shal be provided with buffer strips as necessary
to prevent cage racks and hand carts from colliding with the walls and thereby gouging the
surface and rupturing the monolithic coatings. Exposed wal corners shal be reinforced with
sted or other durable materid.

Suspended ceilings shdl not be used.

Doorsand Windows:

a

Exterior windows and skylights are not recommended in animal rooms because they can
contribute to unacceptable variations in environmenta characteristics such as temperature.

Anima room doors shall be at least 42 inches wide and 84 inches high to facilitate passage of
racks and equipment.

Meta or metal-covered doors with viewing windows shal be provided in animal rooms.

Doors and frames shall be completely sealed to prevent the the entrance or harboring of
vermin. Sef-sealing sweep drips are desirable.

Doors shal be equipped with locks and kickplates and be self-closing. Recessed or shielded
handles and locks are recommended.
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10.3.8 Heating, Ventilating and Air-Conditioning:

a

Animd laboratories require rigid control of temperature, humidity, and air movement in anima
rooms at dl timesto provide optima conditions for the hedlth and growth of the species
housed therein. The animal rooms shdl be capable of an adjustable temperature range
between 65 and 84°F and a rdative humidity range between 30 and 70 percent. All anima
rooms must have at least 15 fresh (not recirculated) air changes/hour.

Room air in animd facilities shdl not be recirculated.

Air pressure in animal rooms and surgica suites shdl be higher than that of corridorsto
minimize contamination of anima rooms. Air pressurein dirty equipment washing rooms shdl
be lower than that in corridors to minimize spread of contamination and noxious odors. Air
pressure in rooms that are used to store clean equipment and materids shal be higher than that
in the washing rooms.

10.3.9 [Hlumination:

a

Lighting shdl be uniformly diffused throughout the animal facilities and provide sufficient
illumination to aid in maintaining good housekeeping practices, adequate ingoection of animas,
safe working conditions for personnel, and the well being of the animals. Over illumination is
dressful for some animds (e.g., dbinos): These animals should have shaded shelters provided
in their cages.

Provison shdl be made for the use of variable-intensty controls to ensure light intensities
cong gtent with needs of animas and personnd working in anima rooms and energy
conservation.

A time-controlled lighting system shal be used when required to provide aregular diurnd
lighting cydle.
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CHAPTER 11. GREENHOUSE DESIGN GUIDE
PART 1. GENERAL

11.1.1 Scope. ARS uses sandardized designsfor its research greenhouses. This chapter provides the
design guiddines as described in the ARS Greenhouse Design Standard (GDS).  The chapter does
not include requirements for containment greenhouses at the biosafety levels BL2, 3, or 4. Al
greenhouse space specified for research with hazardous microorganisms or exatic plant pathogens
must comply with the systems and itemsidentified in Chapter 9. The difference is the handling and
containment of plant pathogens versus epizoonatic or zoonatic livestock diseases. Examination of
the research mission will clarify the necessty for contained greenhouse space e the BL2 or 3
containment levels. ARS does not have plans to construct BL4 greenhouse space, scientists who
identify this need will coordinate their research with the research leader of the Foreign
Disease-Weed Science Research Laboratory at Fort Detrick, Frederick, Maryland.

11.1.2 An Overview of the ARS Greenhouse Design Standard (GDS):

a.  The ARS Greenhouse Design Standard (GDS) comprises the design guidelines,
specifications, and an expert system. These GDS components were devel oped to:

1) Provide adatabase on and aconsstent anaytica gpproach to greenhouse design;

2) Limit desgn variahility and therefore reduce costs and time associated with greenhouse
desgn;

3) Increase contral of the qudity of the find product; and

4) Provide abuilt environment that both responds to current research needs and can
accommodate changes required by future research objectives.

b. The GDS design guidelines (provided heregfter) make avallable to the A-E firm a
vocabulary of pre-researched, pre-approved, and limited types of systems, components, and
operationd procedures, as well asinformation on designing with this vocabulary.

c. The specifications section of the GDS describe in detail the materias and fabrication
techniques that are acceptable to ARS. A copy of the specifications section may be obtained
through the EPM.

d. Theexpert system assgsthe ARS stientigts in formulating building programs that are

appropriate for particular research, economic, and climatic conditions encountered at ARS
centers acrossthe U.S. The expert system accesses a knowledge base of architecture,
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engineering, and heuridtic rules and uses amultiple-attribute andytica technique to weigh
competing objectives in the decison making process. Fird the expert system trandates the
research needs of the scientists into functiond requirements for the greenhouse. Based on
those functiona requirements, recommendations are made for the use of specific greenhouse
systems, subsystems, and components and for implementation of specific operation Strategies.

The GDS expert system consgts of the system software and the knowledge base. The system
isdesigned to run on an IBM persona computer, XT, AT and compatibles, with ahard disk,
and aPC-DOS/MS-DOS version 2.0 or later operating system. Therefore a knowledge of
MS-DOS operating system commands is necessary to use the syssem. Thefollowingisa
description of the expert system components and how they may be obtained.

System Software

The software is the LEVELS5 Run-Only (R/O) expert system software, Verson 1.3. It may be
procured for $131.25 + shipping through:

Information Builders, Inc.
503 5th Avenue

Indiadantic, FHorida 32903
Attn: Will Eaton
Telephone: (800) 444-4303
FAX: (407) 727-7615

The GSA contract number is GSOOK 89A GS6435PSO1.

The level5 R/O software ingdlation indructions are included in the reference manud ddlivered
with the software. Contact Information Builders, Inc. on (212) 736-6130 if technica
assistance is required.

Knowledge Base

The knowledge base is captured on three 5 and 1/4 inch floppy discs. These will be provided

upon request, a no cog, by ether the Head, Facilities Engineering Eastern Branch (FEEB), or
the Heed, Facilities Engineering Western Branch (FEWB), of the Facilities Congtruction

Management Divison.

The knowledge base isingdled usng MS-DOS operating system commands. A videotape
describing the GDS expert system is available for loan from either FEEB or FEWB.

11.1.3 Abbreviations And Symbols.
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Acronyms Name
ACI American Concrete Inditute
AlA American Inditute of Architects
AISC American Indtitute for Sted Congtruction
AlS| American Iron and Sted Indtitute
ANS| American Nationa Standards Indtitute
ASAE American Society of Agriculturd Engineers
ASTM American Society for Testing and Materids
BOCA Building Officids and Code Adminigtrators Internationd, Inc.
CABO Coundl of American Building Officids
FGMA Fat Glass Marketing Association
ICBO International Conference of Building Officids
NFPA National Fire Protection Association
SBCCI Southern Building Code Congress Internationd, Inc.
SIGMA Seded Insulating Glass Manufacturers Association

11.1.4 Reference Standards.

ACI (318-83), "Building Code Requirements for Reinforced Concrete”, 1st printing November
1983, Detroit, Michigan.

AlA, Robert T. Packard, ed., Ramsey/Seeper "Architecturd Graphics Standards’, seventh edition,
John Wiley and Sons, New Y ork, 1981.

AISC (1980), "Manud of Sted Congruction,” Eighth Edition, Chicago, IlI.

AlS (1980), "Specification for the Design of Cold-Formed Stedl Structurd Members',
Washington, D.C.

The Aluminum Association, Inc., " Specifications for Aluminum Structures', Fourth Edition, April
1982, Washington, D.C.

ANS (1986), "American Naiond Standard Buildings and Facilities Providing Accessibility and
Usahility for Physically Handicapped People’, New York, NY.

BOCA (1987), "Basic Building Code."
CABO (1986), Model Energy Code.

ICBO (1985), Uniform Building Code.
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11.1.5

NFPA (1987), Nationa Electrical Code.
SBCCI (1986), Standard Building Code.

SIGMA (1986), "Voluntary Guidedines for Soped Glazing of Organicaly Seded Insulating Glass
Units', Document A-2801-77 (86) Chicago, IlI.

Regulatory Requirements.

a  Thegreenhouse shdl conform to al requirements of the loca building code or to the gpplicable
current edition of the following modd building codes, whichever is more stringent:

TheICBO Uniform Building Code
The SBCCI Standard Building Code
The BOCA Basc Building Code

Refer to the map in Figure 11-1 to determine the governing modd building code for the greenhouse
location.

b. Thefollowing subject areas are addressed by the codes and are applicable to greenhouses
ether by specific reference or by generic requirement.

Use-group classfication Fire resstance
Condtruction type Fire protection
Desgn loads Pumbing sysems
Means of egress HVAC systems
Light-transmitting plagtic Energy conservetion
Areaand haght limits Kylights/glass panels
Sprinkler/darm systems Light and wiring

Building envelope requirement
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11.1.6 USDA-ARS Requirements.

a. Licensed Professional Requirement: The completed set of working drawings shdl be
reviewed by alicensed architect or engineer prior to submittal to the government. The
foundation drawings shdl bear the sedl and sSgnature of an architect or engineer licensed to
practice in the jurisdiction within which the congruction will be undertaken.

b. Greenhouse Definitions:

1)

2)

3)

Level 1 Greenhouses- These greenhouses are used primarily to prolong the growing
season into the oring and fdl, as well as through the summer, by means of augmented
heating, and/or to extend the photo period on adaily bass with augmented lighting. The
environmenta control should be rdlatively ample. The plants can withgtand fairly large
vaiationsin temperature and humidity. The congtruction materials used in enclosures
shall be of aqudity and have characterigtics to withstand exposure to the ements for a
minimum of five years

Level 2 Greenhouses - These greenhouses are usable throughout the year. The ability
to extend the photoperiod shall be provided. Environmenta condition ranges shdl be
permitted, but the heating and cooling system shall be Szed to protect the plants and to
avoid relocation during the heeting and cooling season extremes.  The congtruction
materids used in enclosures shdl be of aquality and have characterigtics to withstand
exposure to the dements for aminimum of fifteen years, except for acrylic and
polycarbonate glazing, which shdl withstand exposure to the e ements for a minimum of
ten years. This requirement does not gpply to shading and movable insulation devices.
The control systems shdl maintain specified environmenta conditions to the maximum that
the conditioning system capacities will provide, aswell as maintaining contral of the
photo-period lighting. The plants housed in middlie-level control greenhouses will be
somewhat hardy in nature to withstand environmenta condition swings.

L evel 3 Greenhouses - These greenhouses are usable throughout the year. The
mechanica heating, ventilaion, and cooling sysems shdl be designed to fully augment the
naturad means to maintain specified environmenta conditions. The lighting sysem shdll
a0 be designed to extend the photoperiod throughout the year in accordance with the
plant research requirements. The control system shdl operate the mechanica sysemsto
maintain the environmenta conditions within specified limits. The congruction materias
used in enclosures shal be of quality and have characterigtics to withstand exposure to
the dements for aminimum of twenty-five years, except for acrylic and polycarbonate
glazing, which shdl withstand exposure to the dements for aminimum of ten years. This
requirement does not apply to shading and movable insulation devices.

PART 2. SITE WORK
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11.21

11.2.2

General.
All ste design shdl be performed based on detailed investigation of existing conditions.
Surface Water Drainage.

a.  Surface drainage patterns shal be investigated for each Site condition. The amount of water,

direction, blockages, undrained depressions and areas of continuing erosion shdl dl be
considered.

All surfaces on agreenhouse site shdl be doped for drainage. Water shal flow as aresult of
gravity and dways be drained away from the greenhouse structure. Large amounts of water
shdll not be drained across circulation paths. Slopes for surface drainage shdl be:

Land adjacent to buildings - 2% min. - 10% max.
Swales - 2% min. - 10% max.

Open Land - 1/2% min.

Streets - 1/2% min.

Planted Areas - 1% min - 25% max.

Large Paved Areas - 1% min - 5% max.

The ground directly adjacent to the base of the greenhouse shdl be doped away. If
necessary, swales shdl be built around the greenhouse to direct surface water away.

11.2.3 Location and Orientation.

a.  Research greenhousestypicaly have rectangular, oblong plans. The orientation of the long

axis of the plan may have a consderable impact on the amount of naturd light received by
plants, and on the amount of heeting and cooling energy required.

In winter, the sun is rdatively low and completes an apparent movement of less than 180
degrees from sunrise to sunset. Asaresult, most direct sunlight is captured through
South-oriented vertica glazing.

In summer the sunisrelatively high and completes an gpparent movement of more than 180
degrees from sunrise to sunset. Mogt direct sunlight is received through roof glazings. East
and West vertical surfaces recelve more solar exposure in summer than South vertical
surfaces.

Because of the above consderations, greenhouses with the long axis oriented in a generd

East-West direction (i.e., greenhouses with Southern exposure) tend to: (1) receive more
winter light and winter solar heat; (2) overhest lessin summer. Furthermore, in Northern
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locations, the North greenhouse wal may be built opague and insulated, thereby decreasing
hesting expenditures. Thisis because no direct light is captured through the North wall during
winter, and negligible direct light is captured during summer.

c. However, Southern exposure need not be sought rigidly, since there are other factors, listed
below, which may reduce its dedirahility:

1) Latitude: Southern latitudes provide more direct light in winter than Northern latitudes
for East and West verticd glazing. Therefore, the heating pendty for orienting the long
axis of the greenhouse in a North-South directionis  decreased. Furthermore, in
Southern locations which experience significant heating demand (such as locations with
large daily temperatures swings above and below 70 degrees F), it may be advantageous
to build the North gable opague and insulated.

2) Siteconditions: Site shape, dope and/or adjacency to other buildings may make
Southern exposure impossible or prohibitively expengve.

3) Plan shape: For greenhouses gpproaching a square, the orientation becomes of little
relevance.

4) Width: Evenif the greenhouse plan is € ongated, awide greenhouse will have its
radiation gains predominantly through the roof, rendering the orientation of the vertica
surfaces lessimportant.

5) Artificial lighting: Some research greenhouses rely heavily on artificid lighting.
Orientation becomes less relevant in this case.

d. Southern Exposure: A greenhouseis defined as having Southern exposure when itslong
axisislocated on an East-West direction, plus or minus 15 degrees. Building sites for
greenhouses shdl preferably have an open Southern exposure. Table 11-1 shdl be used to
locate the position of the greenhouse in relation with any adjacent obstruction Stuated within
an AZ angleto the East of South or an AZ angle to the West of South, (see Figures 11-2 and
11-3). Any obstruction located outside this angle East or West of South shall be at a distance
a least equd to its height. To determine how far the greenhouse shdl be located from an
obstruction, use Table 11-1.

Tables 11-2, 11-3, and 11-4 indicate the required spacing of adjacent, detached greenhouses
of equa height and width to avoid shading on the North house.

Table 11-5 indicates the required spacing of prototype D, attached greenhouse (refer to
Section 11.3.1 of this design guide to identify prototype D plans).
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TABLE 11-1.  Azimuth Angle From South And Digtance-to-Height Ratios To Cdculate The Minimum
Digtance Of Greenhouse From Obstruction

LATITUDE AZIMUTH DISTANCE = ax (Height)-b

(feet)
16 57 1.7(H) - 3.3
24 46 2.1(H) - 4.1
32 44 2.7(H) - 55
40 42 4.0(H) - 8.0
48 41 7.A(H) - 14.2
56 27 8.1(H) - 16.3

TABLE 11-2: Minimum Spacing of Adjacent Detached 18 Foot Wide Greenhouses

LATITUDE ~ AZIMUTH 9 EAVEHT 11' EAVEHT
(feet) (feet)
16 57 12 15
24 46 15 19
32 44 23 28
40 42 37 45
48 41 73 87
56 27 85 100
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TABLE 11-3:

LATITUDE

16

24

32

40

48

56

TABLE11-4

LATITUDE

16

24

32

40

Desi gn Standard

August 30,

Minimum Spacing of Adjacent Detached 25 Foot Wide Greenhouses

9 EAVEHT
(feet)

12
15
24
41
82

95

11' EAVEHT
(feet)

15
19
29
49
96

112

Minimum Spacing of Adjacent Detached 32 Foot Wide Greenhouses

9 EAVE HT
(feet)

12
15

25

11' EAVEHT
(feet)

15

19

31

52
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48 91 105
56 106 122
TABLE 11-5:
North
Latitude 18 Wide Houses 25 Wide Houses
9 Eave 11'Eave 9Eave
Height Height Height Height
16 12 20 20 20
24 20 20 20 24
32 24 30 30 30
40 36 N/A N/A N/A

Desi gn Standard

239

August 30,

32' Wide Houses
11' Eave 9Eave

11' Eave
Height

20 20
24 24
30 36

N/A N/A

1991

MINIMUM CORRIDOR LENGTH (FEET) OF PROTOTY PE D HOUSES
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11.2.4 Windbreakers.

Protection from snow and wind storms, when such conditions exi<t, shal be provided dongside the
greenhouse by means of windbreakers such asawall, fences or trees. Size, location and type of
windbreaker shall depend on each ste condition.

a. Windbreakers shdl not be asolid barrier and shall have at least 50% to 60% open space.

b. They shdl belocated a a distance required by paragraphs 1 or 2 below, whichever is most.
1)  Section 11.2.3 requirements for location of obstructions.

2)  Windbreskers shdl be located away from the greenhouse at a distance equd to 4 to 6
timesthe height of theridge.

c.  Windbreakers shall be extended 50 ft. wider than the greenhouse.

d. Fencesshdl be used when windbreskers are required immediately. They shal be 50% to
60% porous and not have openings greater than 6 inches.

e.  When using afence type windbresker, height of the wal shdl be equd to the ridge height.

f. Four to five rows of a mixture of deciduous and coniferous trees shdl beingdled in the wind
direction when using trees as awindbresker.

0. Inheavy snowstorm aress, if trees are to be used as a windbreaker, trees shall be trimmed
from the base to a 10% to 20% of their height to keep snow from clogging the windbresker.
PART 3. ARCHITECTURAL AND STRUCTURAL REQUIREMENTS

11.3.1 General.
a.  Acceptable Greenhouse Configurations:

1) Thegreenhouse structure(s) shal be arranged in one of the three different configurations:
detached as in Figure 11-4, or attached asin Figures 11-5 and 11-6.

2) A minimum of 20 ft. shall be provided between the greenhouse sidewalls and adjacent

dructures, or dternatively, Sdewdls shal be designed to carry snow drift loading from
adjacent structures. However, the spacing of pardld greenhouses shall be no less than
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specified in Section 11.2.3, Tables 11-2 through 11-5.
b. Plan Dimensions.

1) Dimensions specified herein are nomina unless otherwise stated. Actud dimensions may
vary according to manufacturer's products, within the following ranges: width (+) or (-)
1 ft.; post gpacing dong sidewalls (+) or (-) 6in., eave height (+) or (-) 6in.

2)  Thewidth of the greenhouse structure(s) shal be as shown in the prototype plans

(Figures 11-7 through 11-12); these are 18, 25, 32, or 42 ft. There shal be no interior
posts.

3) Theoverdl lengths of the sandard prototype structures shal be as shown in the
prototype plans (Figures 11-7 through 11-12). These are:

3baysx 12 ft-4in. +/- 7 baysx 12 ft.- 4in.

4 baysx 10 ft.- 3in. 8 baysx 12 ft.- 4in.
4baysx 12 ft.- 4in. 10 bays x 10 ft.- 3in.
5 baysx 10 ft.- 3in. 9 baysx 12 ft.- 4in.
5baysx 12 ft.- 4in. 11 baysx 12 ft.- 4in.

6 baysx 10 ft.- 3in.

4)  The gtandard post spacing aong the sidewalls shdl be either 10 ft.- 3in. or 12 ft.- 4in.
on-center, depending on the chosen glazing system. In heavy snow load regions, this
post spacing may be reduced to 8 ft.-7 in. (+) or (-) asrequired for structura integrity.

5)  Corridors shdl have aminimum nomind width of 10 ft., 12 ft. wide corridors are
recommended where equipment storage or the use of hand-trucks is anticipated.

c. Roof
1) Thegreenhouse roof shdl be gable type with anomina 6:12 pitch.

2)  Thegreenhouse interior shal have aminimum of 9 ft. and amaximum of 11 ft. clearance
to the underside of the roof eave.
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11.3.2 Structure.

a

Performance:

All members (including but not restricted to secondary framing members such as glazing bars,
purlins, lugs, sash mounting, vent headers, eave plates and transom sills) shall be examined for
al gpplicable load combinations, and design certification shal so Sate.

Design Load Criteria:

The structure(s) shal be designed to carry the following loads: Dead load; snow load; wind
load; seismic load; equipment live load; and combined load cases as prescribed by the
gpplicable building code. Dead load for al structures shdl be caculated using a glazing weight
equd to or greater than the weight of double pane insulating glass, where one pane of glassis
tempered float glass and the other one is laminated tempered float glass. Where equipment
loads are not located at panel points of trusses, secondary bending stresses in truss members
shal be accounted for.

Deflection Limitations;

1) Themaximum dlowable deflection for structura members shal be 1:180 of the length of
the member.

2)  Glazing bars and mullions supporting glass shdl limit deflection to 1:175 of the length of
the glass lite being supported.

Framing Materials:

1) Primay framing members and connectors shdl be either mill finish extruded duminum or
gavanized ded.

2)  Secondary framing members such as glazing bars, ridges, eaves, gutters, slls, doors and
frames, shdl be of extruded duminum dloy and shdl be either mill finish or other
approved finish to prevent corrosion due to environmenta conditions.

Framing and Bracing:

1) Roof framing members shdl be of uniform design and adhere to a set pattern.

The frames shall be either clear span roof trusses supported on braced posts or rigid
frames.
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2)  The greenhouse structures shdl be designed with adequate wind bracing to resist racking
in the longitudind direction. Asaminimum, provide diagond bracing in the middle bay
of the sdewalls and roof.

f. Trusses:

1)  All truss members and connecting plates shall be designed to carry the required design
loads. Bottom chords shdl be designed for compression loads due to wind pull.
Bridging, if required, shal be provided.

2)  Coordinate the location of roof truss members with the mechanica equipment, eg. "fan
jet".

g TrussSupports.

1) Trussesshall be connected to Sde posts by a plate designed to be bolted to the web of
the Sde post with al boltsin shear, and bolted to the truss rafter and bottom chord in
shear, forming a concentrically loaded joint. No connection detal shdl be alowed, that
is fastened to the flange of the post thereby placing fastenersin tension or twist.

2)  Knee braces connecting the side posts to the bottom chords shal be added as required
to prevent racking due to wind and seismic conditions.

h. Purlins,

1) Purlinsshdl be prefabricated before shipment for the attachment of glazing bars and
connecting lugs.

2)  Purlinsin the roof, gables and partitions shal be connected to supporting memberswith a
minimum of two bolts into each connecting member.

3) Roof purlins shdl be spaced a amaximum of four ft. nomina on center and shdl be
gpaced more closdly if required to meet design load criteria.
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I. Rigid Frames:

Rigid frames may be used instead of truss roof congtruction. Each frame shdl conss of two
main rafters, connected to their Sdeposts with a moment connection which provides adequate

rigidity againg racking.

j.  Attachment to Foundation:

1)

2)

11.3.3 Envelope.

Attachment to foundation shal be adequate to resst al loads including overturning and
pull Posts shdl be bolted to, or embedded in, either a concrete foundation or a
reinforced poured concrete or reinforced masonry wall as shown in Figures 11-15a
through 11-15c.

Extruded duminum wal slis shdl cap the foundation or knee walls, as shown in Figures
11-15athrough 11-15c¢, by lugging or bolting directly to the foundation. Verticd joints

of concrete foundation walls shal occur at frame locations. The bottom side of slis shall
receive one coat of agphat paint before setting in place.

a.  Glazing Materials. Generd

1)

2)

3)

Acceptable glazing materids are tempered glass; laminated glass (for roof glazing only);
twin-wall rigid acrylic sheets, and U-V resstant twin-wall polycarbonate sheets.

Desgn load capatiilities and dlowable spans shdl be obtained from the glazing
manufacturer and adhered to in the design.

Wil pands surrounding eectrical equipment or controls shal be of non-combustible
materid for adistance of 12 in. from the pand.
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b.

Glass:

The following types of glass units are acceptable and should be chosen based on climate
conditions, cost, and for aesthetic and structura reasons:

1)

2)

3)

Single panetempered float glass:

@
(b)

(©

(d)

The glass shdl be 1/8 in. thick clear, or 1/8 in. thick low-iron clear.

All except the top lites of glass shdl be laid with 3/8 in. minimum lgp joints, and
held in place with duminum bar cagps to cover the glazing edge, and to prevent the
glassfrom dipping. These caps shdl have proper forming to exert auniform, but
not excessive pressure dong the entire length of the glasslite. All 1ap joints shdl
be unsealed.

The top lites and anywhere leakage is a potentid problem shdl be butt glazed and
sedled. Between lites, butt glaze with h-cane bars. Al butt glazed joints shal be
sedled with dlicone or butyl sedants.

Glazing bedding tape of the same generd properties as the aforementioned dastic
glazing sedlants may be used for bedding glass. Where such tape is used for
bedding, the glass shdl be sedled on the outsde with abead of glazing sedant
throughout its entire length before  applying auminum glazing caps to the bar.

Single pane laminated float glass:

This glasstype shdl be used for roof glazing only. It isrecommended for consideration
at gtes and or operating conditions where glass breskage may pose an unusudly high
safety risk, as determined by ARS. One such condition may be encountered in seismic
zone 4.

Use 3/16 in. laminated annealed glass, or 5/16 in. laminated tempered glass. Butt glaze
al laminated glass as recommended in Single pane tempered float glass above.

Double paneinsulating glass units:

@

(b)

Thisglass type shdl be consdered for use in regions with severe climate conditions
and high energy costs, and/or where replacement of glazing is not contemplated for
along time period (asin Leve 3 greenhouses).

The units shal be composed of two panes of glass as described above. The panes
shall be hermeticaly sealed as specified inthe ASTM E774 standard. The space
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4)

between panes shdl be at least 1/4 in. but no more than /2 in.

(©) Whereinsulating glass units are used in roof glazing, the inner pane of glass shal be
laminated.

(d) Allinsulating glass units shdl be butt glazed and glazing bars shdl be designed to
prevent leakage and to provide continuous support for the glass units.

L ow-emissivity (low-E) insulating glass units:
(& Thisglasstype shdl be consdered for usein sdewadls and gable end wals only.
The units are as described in double pane insulating glass units above, with a

low-emissivity coating on the ingde surface of one of the glass panes.

(b) Referto AlA, Architectura Graphics Standards, Chapter 8, for acceptable glazing
details for mounting insulating glass units on metd frames.

c. AcarylicGlazing:

1)

2)

3)

4)

5)

Acrylic glazing shdl be clear twin-waled sheets of a least 16 mm (5/8 in.) nomind
thickness.

Acrylic sheets shdl be supported on dl four Sdes. The acrylic glazing shdl be 4 ft. wide
sheets continuous from the ridge vent sash to the eave and from side vent sash to Sill.
Field cutting of acrylic sheets shdl be only as approved by manufacturer.

The acrylic sheet shdl not be point-fastened to glazing bar system; it shal be dlowed to
float in glazing system and held at bottom.

Acrylic sheets shdl be dry-glazed or gasketted with EPDM rubber or other competible
materids, as recommended by the manufacturer.

The glazing manufacturer shall be consulted for compatible herbicides and pesticides and
other materiads that may come in contact with plagtic glazing.

d. U-V Resstant Polycarbonate Glazing:

1)

2)

Polycarbonate glazing shdl be clear twin-waled sheets of at least 8 mm (5/16in.)
nomina thickness.

Polycarbonate glazings shdl be coated or treated for resstance to ultraviolet light
degradation. The glazing sheets shdl not lose more than 6% of initid light transmission
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3)

4)

5)

after 10 years of life, as per ASTM test standard D - 1003.

The polycarbonate glazing sheets shal be one piece from ridge vent sash to eave and
from sde vent ssshto gl

The polycarbonate glazing sheets shall be point-fastened to the glazing bar system and/or
to the purlins according to glazing manufacturer recommendetions.

The glazing manufacturer shall be consulted for compatible herbicides and pesticides and
other materids that may come in contact with plastic glazing.

e. GlazingBars

1)

2)

An duminum glazing bar system shdl be provided with interna gutter system to carry
condensate to eave and slll.

Roof glazing bars shdl be one piece from ridge vent sash to eave. They shdl be raised
off purlinswith clasps, permitting condensation to run down to eaves without interruption.

f. Condensation Contral:

1)

2)

3)

The design of the greenhouse shall incorporate a system of collecting and draining off al
condensate.

The vent headers shall catch the condensate formed on the ridge and vents, the rafters
shall catch condensate from purlins. The eave shall be drained to the ground or to an
ingde drain. Gutters and downspouts should be provided for exterior drainage at roof
valeys.

Optiona: The glazing may be field or factory coated with a condensation control
surfactant.

g OpaguePanés:

1)

2)

Opaque panels shal be used ingtead of glazing in the lower 2 ft.- 0 in. to 2 ft. 6 in. of the
greenhouse walls. They may be prefabricated insulated panels (max U-value = 0.25) or
masonry block or poured concrete structural knee-walls.

In cold climates, the entire north wall may be compaosed of insulated opaque pands or
masonry.
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h.

Ridge:

An extruded duminum ridge shdl be furnished and placed at the pesk of the structure. Ridge

shdl be provided with continuous hinge flanges to receive ridge ventilating sash on each Sde of

theridge. Condensation gutter shal be provided in lower part of the ridge to divert

condensation to drip gutters of roof bars.

Eave Plate:

1) Extruded duminum eave plates shdl be provided.

2) Eaveplaesshdl have aflangeto receive glazing bars and shdl be provided with weep
holes and a condensate guitter to carry condensation collected from the underside of the

roof.

3) Theeaveplate shdl include a continuous hinge dement which dlows the ingdlation of an
outswinging sash.

4)  Jointsof this eave plate shall occur at main frame locations (i.e. posts).

Gutter:

1)  Anextruded duminum gutter with downspouts shdl be  provided at roof valeys.

2) Inregionswith 20 psf or grester snow load, the gutters shall be equipped with heating
coils, in order to prevent gutter blockage. Alternatively, hot water returns shal be
located under the eave.

Wall and Vent Sills:

1) Extruded duminum sllis shdl be provided where shown on drawings.

2)  Sillsshdl be capable of receiving ether side vents or fixed glazing, as required.

Doors:

1) Exterior doors should be located such that stairs are not required. Where ground is
doped provide paved ramps. Ramps shal comply to ANSI Handicapped Standards.

2)  Doorsand frames shdl be extruded duminum.

3) Doorsshdl consst of two pands, the upper of which will be tempered. Thelock rall

259



ARS MANUAL 242.1
Construction Project Design Standard August 30, 1991

between pands on dl doors shdl be not less than 30 in. above the floor.

4)  Doorsininterior partitions shall be of the same congtruction as exterior doors. Doors
may be diding type or swinging type. Sliding doors shdl be equipped with duminum or
danless sted diding door track and hardware, furnished with flush pulls and with door
stops. Swinging doors shall be furnished with standard locksets, closers and hinges.

m.  Vents

1) Operadbleventsshdl be provided at both ridge and exterior sidewalls.

2) Ventsshdl be made up of atop ral, bottom rall and muntins of extruded auminum and
bolted together in accordance with manufacturer'singtructions, and shdl be furnished
with a continuous hinge, and arranged to open out.

3) Ventsshdl be continuous dong the length of the greenhouse.

4)  Vent Operation - Incorporate operators for roof and sdewall ventilating sashes in each

greenhouse compartment. Provide motorized step control operators as required.
Fabricate operator to include positive stop controls to prevent the ventilating sash from
operating beyond the hinge limit at full opening and beyond the sill stop at the closed
position. Provide a convenient disconnect for manud operation in the event of a power
falure. Refer to Mechanical and Electrica sections of this design guide for additiond
information on automatic controls.

n. Demountable Glazed Partitions:

1) Movable partitions between growing areas may be incorporated in the design. These
shall be configured such that they may be repeatedly removed and relocated, a any
frame.

2)  The partitions shdl be non-load bearing and independent of the roof support system.

3) Theglazing shal be unseded, dry-gasketted.

0. Flashing:

1) Provideflashing and counter-flashing as required where greenhouse butts against
adjacent structure(s).

2)  All flashing and counter-flashing shdl be ether duminum or lead coated copper.
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3) Hashing details shdl be designed to accommodate therma expansion and/or wind drift of
upto 1/2in.

p. Floorsand Drainage:
Floors shdl be concrete dabs doped away from aides and drained.
11.3.4 Solar Radiation Control and Movable Insulation.
a Geneal:
1) All greenhouses shdl be provided with means of reducing the solar heat gain.

2)  The methods used for shading shall be under user control. Deciduous trees as means of
shading are not considered to be under user contral.

3)  Shading shal be implemented using shading compounds and/or movable shading screens.

Other solar control techniques are acceptable provided they comply with requirements

(2) and (2), stated above.

b.  Shading Compounds:
Shading compounds may be used for Level 1 and Leve 2 greenhouses only.
1) Shading Compound Performance:

(& Themanufacturers of enclosure materias shal be consulted for the competibility of
the shading compound with their product and aso on restrictions with respect to
the gpplication and remova procedures of the shading compound.

(b) Shading compounds shal be non-corrosive, non-toxic and shal not affect the
enclosure materids of the greenhouse. The enclosure materids may include, but
are not limited to, paint, putty, glass, acrylic, polycarbonate, galvanized sted and
auminum.

2) Method of Application:

(& Thedegree of shading desired shdl be established before the shading compound is
st for gpplication. Crop grown shal determine the shading compound dengity.

(b) Application of shading compound by spraying method shall be accepted only for
Leve 1 greenhouses. For Leve 2, roller or brush method shdl be used.
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3)

(c) High dendty of shading compound shall be achieved by gpplying severd coats of
fine coats rather than one heavy coat. Over spray shal not harm the crop.

(d) Shading compound shall be thoroughly stirred before gpplication. It shal be
uniformly distributed on the greenhouse surface.

(e) Shading compound shdl be applied during warm, dry weether when rain is unlikely
for 24 hours. It shal form good adhesion with the receiving surface, which shdl be
clean and dry.

() Storage, gpplication, drying time and removal shdl be as specified by
manufacturer.

Waste Compound Disposal:
(@ Waste compound shdl be disposed of in accordance with the local, state and

federa regulations. Prior gpproval must be obtained before disposing of any toxic
materials.

c. Shading Screens:

1)

2)

3)

4)

5)

Movable shading screens may be used in dl greenhouses.

Design and shading percentage of shading screens shall depend on climate and the
shading criteria established for the vegetation grown in the greenhouse. Such data shall
be provided by the user of the greenhouse.

Moving operations can be manua or automatic. All shading materid shdl be light
weight, easy to work with and store.

Method of Application:

(@ Screens shdl be permanent when ingdled insde the greenhouse. Removable
exterior shading covers on the exterior shall be alowed for Leve 1 greenhouses,
but for Level 2 and 3 they shdl only be used in emergency Stuations.

Shading Material Performance:

(8 Shading screen materid shdl be compatible with the plastic glazing products of the
greenhouse, where applicable.
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(b)

(©

(d)

Shading materids shdl have fire retardant properties to comply with the loca code
requirements.

Screens shdl have aminimum 1-year guarantee. Manufacturer of the materid shdl
guarantee the performance of materia over itslife gpan for resstance to ultraviolet
light degradation and shrinkage in the materid.

Maximum shrinkage shdl be 3 in. in ether linear direction. Shrinkage shal be
accounted for & the time of ingtalation.

6) Ingallation And Operation:

@

(b)

(©

(d)

(€

Shading materia shdl be moved uniformly acrossthe whole width. Spacing of
hooks and staples shdl be as recommended by the manufacturer of shading
meaterid.

All joints, edges and other high stress areas during  the operation shdl be
adequatdly reinforced. Suspension hooks, wires and other operating devices shdl
be of non-stretchable and rust proof materias.

Ingtallation of movable screens, either trussto truss (peak or flat) or gutter to gutter
(flat) system, shdl be at the discretion of the desgner. When ingaling flat screens,
mechanica and dectricd items shdl be coordinated in the design.

Movable screen operating systems shdl be compatible with the materid and shdl
not create a permanent obstruction in the circulation space.

Movable screens shdl not come in contact with any moving equipment. During the
opening cycle, materid shal have an even lgpping and compact gethering. The
lead edge shdl form atight sedl when in full closed postion.

d. Movablelnsulation:

Insulation material may be used in dl levels of greenhouses. Movable insulation can be
operated manudly or with automatic equipment.

1) Insulation Material Performance:

@

(b)

Insulation materia shdl be compatible with the plastic enclosure dements of the
greenhouse with which it makes contact.

Insulation meterid shal have fire retardant properties to comply with the local code
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requirements.
(0 Itshdl yidd aminimum life expectancy of 5 yearsfor Level 1 and 2, and of 8 years

(d)

for Leve 3 greenhouses. Manufacturer of the materid shal guarantee the

performance of materid over itslife span for resistance to climatic conditions and
ghrinkage of materid.

Maximum dlowable shrinkage shdl not be more than 3 in. in ether linear direction.

Any shrinkage expected during its use shal be accounted for in the ingtalation.

2) Ingallation And Operation:

@

(b)

(©

(d)

(€

®

()

Design of movable insulation shdl be such that it does not significantly block light
during the day. When stored in folded condition, it shal present aslittle
obstruction as possible to direct solar radiation. Movable insulation shdl be stored
aong the North wall under the gutter in prototype plans A and D (Figure 11-4 and
11-6), and dong the corridor wall in prototype plans B and C (Figure 11-4 and
11-5).

Ingdlation of therma insulation, either truss to truss (peek or flat) or gutter to
gutter (flat) systems, shdl be at the designer 'sdiscretion. When ingdling flat
insulation, mechanicd and dectricd items shdl be coordinated in the design. To
ensure that the covers are properly supported, the insulation shall not travel more

than 24 ft.

When opening the insulation materid in the morning, gppropriate time shdl be

dlowed for the sun to warm up the dtic air.

During the opening cycle, materid shdl have an even lapping and compact
gatering. Thelead edge and ends shdl form atight sed when in fully closed
position.

Insulation materia shal be moved uniformly across the whole width. Spacing of
hooks and staples shdl be as recommended by the manufacturer of insulation
meaterid.

All joints, edges and other high stress areas during the operation shdl be

adequatdly reinforced. Suspension hooks, wires and other operating devices shdl
be of non-stretchable and rust proof materias.

Movable insulation materid shdl not touch the outside glass or plastic enclosure of

the greenhouse. A minimum air gap of 6 in. shal dways be maintained. Materid
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3)

shdl not come in contact with any moving equipmern.

Condensation:

@
(b)

Condensation shall not collect on the fabric.

Porous materias that have water absorption properties shal be used in such
Stuations or the materid shdl be doped to drain the condensate water away from
the plants.

e. Equipment and Controlsfor Movable Shading Screens and Movable I nsulation:

1)

2)

Equipment:

@

(b)

(©

(d)

(€

The operating equipment shal be adequatdly designed and compatible with shading
and insulation materid.

Equipment shdl be congructed of materids that can withstand changes in humidity
and temperature, and the effects of chemica agents and fertilizers without rusting or
otherwise deteriorating.

All automatic equipment shall be designed with safety devices and a manud
backup system.

All automatic operating systems shdl be equipped with limit switch, safety cutoff
switches and backup torque switch.

All mechanicd systems shdl be ingpected and maintained periodicaly as specified
by the manufacturer.

Controls:

@

(b)

(©

(d)

Autométic control system shdl have aminimum of 24 hour clock programming
cgpability.

A percentage timer shdl be provided when using automatic control for the opening
of insulation in the morning.

The control pand shdl have a precison time-limit switch and manua override
prevention system in either directions.

All controls shdl be housed in awaterproof enclosure. Low voltage circuits shall
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be provided for connection to mechanical and torque limit switches. Manud-off-
automatic and cover-uncover switches shall be mounted on the pand front.

11.3.5 Benching.
a General:
Benching provisons in a greenhouse shdl be designed for convenience, flexihbility in use,
srength, and low-maintenance. The design criteria provided below applies to greenhouses
used for research operations.

b.  Space Utilization:

1) Exact benching configurations depend on the dimensions of the greenhouse
compartments and the needs of the researcher.

2) Aidewidths shdl be 2 ft. minimum.

3)  Greenhouses for research operation shdl have a space utilization efficiency of minimum
50%.

c. Benching Size:
1)  When easy movement isimportant, benches shdl not be longer than 6 ft.

2)  Thewidth of the research benches should not be more than nomind 4 ft. When plants
are frequently measured, the width of the bench should be nomina 3 ft.

3) Bench heights should be adjugtable. The height of the bench shdl be determined by the
type of crop to be grown. The average bench height is30in. For tal plants (3-4 ft.),
benches should be approximately 24 in. high and for shorter plants, 34 in. high.

d. Benching Flexibility:

1) Hexibility in bench design shdl be such that they can be moved or dismantled when
required.

2) An "erector" type congtruction shdl be used to dlow flexibility in bench configuration to
fit the research need.

e. Benching Materials:
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1) Benchesshdl be ableto withstand steam Sterilization water, fertilizers, soil and other
chemicds. They shdl be durable, require low maintenance and ease of changein
configuration.

2)  Benchframing shdl be gavanized sed, dainless sed, or duminum.

3)  Any benching materia used for bench tops shdl be properly supported and shdl not sag
or stretch.

4)  Open top benches are commonly used with potted plants and bedding plants since they
dlow air circulation and water to run off thereby reducing insect and disease problems.
Galvanized expanded metad makes a strong bench surface. Wood lath is an acceptable
lightweight bench surface for potted plants or flats. Cedar or redwood lumber provide a
longer life. Standard widths are 4 ft. and 6 ft. To prevent smdl potstipping, alight wire
mesh can be placed over the lath.

5)  Materids commonly used for solid top benches include auminum or gavanized sted, and
preservative-treated plywood. Lightweight molded plastic or reinforced fiberglass bench
tops are some other options that make movement easier.

Bench Strength:

The bench shal be strong enough to hold 50 Ib/sg. ft. Frames shal be provided with latera
and diagond bracing.

11.3.6 Movable Growing Systems.

a

Movable growing systems are manufactured primarily for commercia growers. Since there
are some differences between research and commercia growing requirements, the movable
sysemstypicaly available may have to be adjusted for research operations. Note differences
between top widths in 11.3.5(c)(2) and 11.3.6.(e)(1).

There are two types of movable growing systems. movable benches and transportable trays or
pdlets. Movable growing systems can increase the growing area up to 90% of thetota
greenhouse floor area.

Movable Benches:
1) Thesmplest movable bench sysem to inddl is one in which the benches remain in the
greenhouse but move on rollers placed over a supporting frame to provide aide space.

Bench layout can be either across the length or width of the greenhouse. In greenhouses
longer then 100 ft. a crosswise direction may be more convenient, to reduce the distance
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2)

plants have to be moved. For crops where afloor heating system isingtdled, movable
benches can be supported near the floor.

Problems associated with movable benches include the difficulty of moving large
quantities of plant materid and limited maneuverability in the aides. Placing or removing
plants can be accomplished with a narrow belt conveyor that folds for transport. The
conveyor is placed in the aide between the benches and the plants are hand loaded or
unloaded.

d. Tray Systems:

1)

2)

A more complex ingtdlation uses modular trays or palets that move Sdewaysto create a
work aide and lengthwise for remova to thework area. All trangplanting, pot filling,
pinching and other necessary operations are handled in the work area. Thetrays are
moved manually on rails or carts or mechanized to move on conveyors.

Because tray systems are more expensive than movable benches, they are generdly
economica for crops that remain in the benches for less than four months, or for crops
which require frequent spacing, pinching, disbudding, etc.

e. Design of Movable Bench Systems:

1)

2)

The standard available widths for movable bench topsare 5 ft., 5ft.-6 in. and 6 ft., to
alow access to the center from both sides and to alow enough bench movement to get
adequate aide space without the bench tipping off therollers. Note that the
recommended bench width in 11.3.5(c)(2) is 4 ft. for research purposes. Movable
benches are produced wider since they are primarily sold to commercia growers.

Tray bench tops can vary in Szes (5 ft. x 6 ft. 6 ft. x 8 ft. and 6 ft. x 10 ft.) to aswide as
8 ft. and aslong as 40 ft. In selecting a bench width, consider the crop to be grown and
the size of bench that will conveniently fit into the greenhouse area.

f. M ovable Bench Support Systems:

1)

2)

3)

Sted pipe or tubing is the most common materid for the bench frame. Pipe or tubing of
1-1/2in.to 2in. diameter is usudly fabricated from commercidly available bench
fittings. Sted angle or channd (1-1/2in. to 2 in.) can aso be used.

Anchor support frames to the ground with concrete piers or set on concrete walks.
Laterd and diagond bracing is needed on unanchored frames.

It isimportant that the tops be leve and in line. Depending on the plant load, space
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frames from 5 ft. to 10 ft. gpart. A sand rooting bed deeper than 3 in. will require
greater support.

4)  Spacing of the rollers and width of the top of the support frame are criticad for adequate
bench support and clear aides. Table 6 gives dimensons for severd bench szes and
adewidths. Maintain aratio of 2 to 1 for supported to unsupported benches area when
benches are in the fully extended pogtion.

g Bench Manufacturers

Thefollowing isapartid list of available greenhouse bench manufacturers. Other
manufacturers not listed here, may also be acceptable:

. AgraBench Ralling Bench Systems, Agra Tech.,, Inc., Attsburg, CA.
. Criterion Movable Benches, X.S. Smith, Inc., Red Bank, NJ.
. Lord and Burnham Modular Bench Units, Divison Burnham Corp., Irvington, NY.

. Ludy Custom Greenhouse Benches, Ludy Greenhouse Manufacturing Corp., New
Madison, OH.

. Nexbench Roalling Benches, Nexus Greenhouse Corp., Northglenn, CO.

. Rough Brothers, Inc. Movable Benching, Cincinnati, OH.
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TABLE 11-6

Bench Top Width Aide Width
(inches)

(feet)

4.5

5.5

Desi gn Standard

August 30,

DIMENSIONS FOR MOVABLE BENCH SYSTEMS LAYOUT

16
18
20

16
18
20
22

16
18
20
22
24

16
18
20
22
24

16
18
20
22
24

Roller Spacing  Support Frame length

(inches)
22 32
20 31

28
25
22

32
30
28
25

32
32
32
32
28

32
32
32
32
32

not recommended

38

36

34
not recommended

42
41
40
38
not recommended

42
43
44
45
43

42

43
44
45
46
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11.4.1 General.

PART 4. MECHANICAL SYSTEM DESIGN STANDARDS

This section of the design manua specifies the design sandards for the mechanicd sysemsin
ARS standard greenhouses.

11.4.2 Ventilation.

a

Natural Ventilation:

Naturd ventilation shall be provided by side and ridge vents.

1)

2)

3)

Where ridge and side vents are used, they shall be operated automatically by a
3-phase dectric motor. These vent systems shdl also have the capability to be
manualy operated from the floor through a gear and chain mechanism. Side vents
shdl open only when outdoor air temperature is less than 5 degrees F below the
setpoint of the greenhouse.

Side and ridge vents are to be dow opening and shdl withstand a minimum life
expentancy of 5 years at an opening and closing occurrence rate of 6 cycles per
hour.

All sde and ridge vents are to obtain amaximum air leskage rate of 2 percent of
maximum ar flow when fully closed a a pressure differentia across the damper of
2 inches water column.

M echanical Ventilation:

1)

Mechanica ventilation shal be provided by propeller- type exhaust fans.

(& During heeting periods, outsde air shdl be introduced through the overhead
"Fan Jet" heeting system and exhausted through two (2) propdller type
exhaud fans at the opposite gable end of the greenhouse. The maximum
ventilation rate shal be one and ahdf (1.5) cubic feet per minute (CFM) per
square foot of floor area. Each exhaust fan shall have a capacity of one haf
this maximum ventilation rate.

(b) During cooling periods outsde ar shdl be introduced through side vents and

exhausted through propeller type exhaust fans located on the opposite wall.
The ventilation capacity shdl be limited to cooling desgn requirements as
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specified in section 11.4.4.

Variable Ventilating Air Rates:

1)

2)

For Leved 2 greenhouses, varying ventilation air rates are to be obtained through
multiple fans each equipped with 2 or 3 speed motors.

For Level 3 greenhouses, varying ventilation air rates are to be obtained by a
combination of multiple 2 or 3 speed fans for summer operation and variable soeed
fansfor winter ventilation. Two or three gpeed fans may be required in place of
variable speed exhaudt fans for winter operation.

Dampers:

All dampers or air shutters are to be automatically operated opposed blade, tight-closing
with less than 2% leakage as tested in accordance with 11.4.2(a)(3) above.

11.4.3 Space Heating.

Space hegting requirements are to be based on the Outside Design Temperature for the
particular geographic location as tabulated in the ASHRAE Handbook of Fundamentals
wegther data for heating desgn requirements.

a

Primary Heating Equipment

1)

2)

3)

Space heating isto be provided by gas or oil-fired, hot water stedl or cagt-iron
modular bailers, or by a steam-to-hot-water converter for greenhouses served by a
centrd steam plant.

Each modular boiler shal meet aminimum efficiency rating (Annua Fue Utilization
Efficiency, AFUE) of 82 percent.

Boilers shdl be sized to meet the required heet load with piping and pick-up losses
included, as per the Hydronic Indtitute (I=B=R) ratings.

Overhead Air Heating System:

1)

2)

Overhead air heating systems shdl be designed to provide gpproximately
two-thirds of the tota heating demand asin accordance with ASAE standards and
design procedures.

Fresh air intake louvers and/or roof caps areto be sized to match the combined air
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3)

quantity capacity of the heeting and ventilation systems.

Each Overhead Air System shdl befurnished with a  heeting kit congsting of unit
heaters, baffle plates with air scoops, motor shield and center baffle. All
components are to be congtructed of corrosion resistant materials suitable for
greenhouse ingdlation.

Perimeter Heating:

1)

2)

3)

4)

5)

6)

Perimeter heating shdl be provided by fin-tube baseboard radiation located along
the outsde walls and will supply approximately one-third of thetota hesating
requirements.

Perimeter heeting shdl have arating of a minimum of 950 Btu/hr per linear foot at
180 degree F supply temperature.

All perimeter piping not within the greenhouse envelope and/or located more than 3
feet above ground (except for underbench heeting) shdl be insulated with suitable
insulaing maerids.

All meta-to-meta connectors of dissmilar piping materia shal be made with an
inert non-conductive materid so asto prevent dectrolyss.

All hegting piping systems shdl be hydrogtatically tested for lesks prior to start up.
Test should include a minimum pipe pressure of 2.5 timesthe normal operating
pressure.

All overhead piping shdl ether be located dong sde walls, or under gutter so asto
eliminate unnecessary shading.

Piping I nsulation:

1)

2)

All exposed piping shdl be insulated with an gpproved materia with a maximum
therma conductivity of .23 Btu-in/hr-sg. ft. - degree F a 70 degree F mean
temperature.

All vaves and fittings shdl be fully insulated to the above specification and covered
with molded PV C covers.

11.4.4 Space Cooling.

a

General:
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Space cooling will be provided by pad or unitary evaporative cooling systems.
Mechanica cooling may be required to supplement evaporative cooling when ahigh
degree of space temperature control is desired (for Level 3 control only).

b. Evaporator Pads.

Evaporative cooling pads shall be 4 or 6 inchesthick, constructed of specidly treated
cellulose paper, or other materials commonly used for greenhouse evaporative cooling
pads. All pads are to be securely supported to prevent air flow between pads.

c. Evaporative Cooling Ancillary Equipment:

1)  All ancillary equipment, such as pumps, vaves, flodas, etc., shdl beincluded asa
packaged system preferably from asingle source. All evaporative cooling system
piping shdl be PVC and gutters are to be duminum or PVC.

2) Waer circulating pumps are to be centrifugd self- priming type with bronze
impellers. Pumps shdl be complete with discharge gate vave and recirculating gate
vaves.

d. Mechanical Cooling:

Mechanica cooling shdl be provided by packaged units Szed to meet the cooling load of
specidized growing chambers when the evaporative cooling and shading sysems done
cannot produce the required space temperatures.

e Exhaust Fans:

All wal exhaudt fans are to be comprised of materidsthat avoid corroson. All exhaust
fans are to be 9zed to maintain a maximum pressure drop of 0.1 inch water column
through the evaporative pad.

1) All wal exhaust fans are to be equipped with two- or three- speed motors of the
type commonly used in greenhouse gpplications. The control of these motors will
be in accordance with the "Control Requirements for HVAC Systems' section of
this design guide.

2)  All exhaugt fans shdl be equipped with automaticaly controlled tight closing
opposed blade dampers.
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3)  All motors shdl be constructed of NEMA approved materials and designs.

PART 5. CONTROL REQUIREMENTSFOR HVAC SYSTEMS

11.5.1 General.

Three (3) control levels shdl be available for each greenhouse prototype -- Minimum Control
for Level 1 greenhouses, Moderate Control for Level 2 greenhouses and Fine Control for
Leved 3 greenhouses. The control level shal be sdlected depending on permissible variationsin
environmenta conditions

a Levd |: Minimum Control

This control level shdl be used when wide temperature and humidity variations are
permitted. Greenhouse space temperature during the heating season can vary by 10 to
15 degrees F. Cooling is provided by ventilation ar only -- no supplementa cooling
(evaporative pads) are included.

b. Levd 2: Moderate Control:

This control level shal be used when daytime space temperature variaions of 5to 10
degrees are permitted during the heating season. Space cooling shdl be supplied by
greenhouse ventilation and evaporative cooling systems, and a temperature difference of
no more than 8 degrees F shdl be permitted from end-to-end along the length of the
greenhouse.

C. Levd 3: FineControl:

This control level shdl be used when precise environmental conditions are required with
lessthan 5 degrees F variations in space temperatures during daytime hesting. Space
cooling shdl be supplied by ventilation ar and evaporative cooling systems, and a
temperature difference of no more than 5 degree F shdl be permitted from end-to-end
aong the length of the greenhouse. Additiona features of Level 3 shal include precise
control of outdoor ventilation air, humidity, carbon dioxide levels, solar radiation usng
shading and other important environmentd factors.
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11.5.2 Control Components.

a

Temperature Sensors.

1) All sensors, controllers, control panels and other control system components and
assemblies shdl be corrosion resistant and perform satisfactorily within the humid
conditions and wide temperature variations that exist in greenhouses.

2)  Temperature sensors shal be RTD resistance thermometers or equivaent devices
with an accuracy of 0.25 degrees F or better, and a change in accuracy of 0.5
degree F or less over aperiod of five years after ingtdlation.

3)  All temperature sensors shdl be shidlded from solar radiation within aspirating
enclosures featuring dectric exhaust fans. The temperature sensors shdl indicate
the average air temperature near the center of the greenhouse at plant level.

Humidity Sensors:

Humidity sensors shdl have an accuracy of (+) or (-) 5% RH, and maintain this accuracy
for aperiod of three years or more. Recalibrations shal be performed every 4to 6
months.

Control Pands;

Each greenhouse shdl have a separate HVAC control pand for local control of
environmenta conditions through operation of the heeting, ventilating and cooling
equipment within the greenhouse. The control pand shal provide avisud display of
greenhouse temperature, and shal indicate the operating status of adl HV AC equipment.

11.5.3 DAMPERS

Outdoor Air dampers and shutters shdl be tight-closing devices with limit switches to prevent
greenhouse heeting unless the ventilation air dampers are fully closed. The minimum winter
ventilation ar damper will modulate to control humidity and carbon dioxide levels within the
greenhouse.

1154 Leve 1 Control.

a

The Levd 1 controls for heating and ventilating systems provide for basic control of
greenhouse temperatures. A minimum of three (3) stages of contral are included: (1)
heeting stage, (1) dead band around setpoint, and (1) ventilating stage. Specific features
of theleve 1 control shal be asfollows:
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1) A (+)or(-) 10to 15 degrees F temperature range from setpoint without heating or
mechanica ventilation operation.
2)  Night thermostat setback of greenhouse temperatures by 5 to 10 degrees F.
3)  Naturd ventilation occurs through ridge and sdewdl vents.
4)  Electric interlocks to prevent space hesting until the sdewadl and ridge vents are

fully closed.

b. Sequenceof Operation - Level 1:

1)

2)

3)

The centrd control panel shal receive space temperature information from the
greenhouse temperature sensor. Operation of heeting and ventilating equipment
shall proceed in stages as the temperature of the space varies. A 10 to 15 degree
F deadband shdl exist without hesting or mechanica ventilation.

As the temperature increases 5 degrees F above the setpoint, natura ventilation
shall sart. If, despite the natura ventilation, the temperature increases 5 to 10
degrees F, mechanica ventilation shdl be initiated in a angle (on-off) stage.
Manualy operated shading shal be used to prevent severe overhesating.

If the temperature of the greenhouse decreases more than 10 to 15 degrees below
Setpoint temperature, the controller shal power the perimeter radiation hot water
pump(s) to supply heating. This heating pump shdl start and stop in response to the
Space temperature sensor to maintain the greenhouse setpoint within an adjustable
temperature differential of 2 to 4 degrees F. The sequence of operation shdl be as
follows (SP = Setpoint, Numerical vaues represents degree F).

Setpoint

SP(+)or(-) 10to 15 - No hegting or mechanicd ventilation.

10to 15Below SP - "Hot" water pump shall cycle on-and-off and
control vaves will modulate to maintain the
greenhouse temperature at 10 to 15 degrees F
bel ow setpoint temperature.

SP+5 - The control pand shal de-energize the heeting

system, open the sdewadl and ridge vents to
produce ventilation air flow.
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SP+10to0 15 - The exhaudt fan(s) shal be energized. Thesde
vents shal remain open and the ridge vents shall
be closed.

4)  Night temperature setback shall be initiated by a photocell detector sensing
outdoor illumination levels or by aclock timer. When the sensor output
decreases at night, the heating temperature setpoint  shal decrease by 10 to
20 degrees F. The nighttime setpoint is typicaly between 40 and 50 degrees
F, and shdl be field adjusted for varying crop needs.

5)  Limit switches on the ridge and sdewall vents mugt indicate full damper
closure before the hot water hesting pumps are energized. An darm shdll
sound for acdl for heat without full vent closure.

6) Summer space temperatures will be equd to or greater than summer design
dry bulb temperature and manualy applied shading may be required to
reduce peak solar heat gain.

1155 Leve 2 Control:

a

When more precise hegting, ventilating and cooling equipment control is required, aLevel
2 control system can be selected. Leve 2 incorporates multi-staged control of
greenhouse mechanica equipment that maintains space temperatures within 5 degrees F
of the heating temperature setpoint. A minimum of eight (8) stages of heating and cooling
settings shdl be used that include 2- heeting, 1- setpoint, and 5- ventilation and cooling
stages. The control unit can be a step controller or acomputer system that produces the
required output Sgna in response to greenhouse environmental conditions, to operate the
ventilating cooling components. Leve 2 control shall feature dl the functions of Leve 1
and shdl aso indlude the following control functions:

1) More precise control of space temperatures - within (+) or (-) 5 degrees F of
hesting setpoint temperature.

2) Automatic reset of hot water temperature based on outdoor air temperature.

3) Two-gage winter ventilation with optional humidity and carbon dioxide contral to
reduce fud consumption.

4)  Evaporative cooling system.

5)  Greenhouse humidity senang including aarm functions.
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b.

6)

Optiona Features:

(& Adaptive control festures including optimum start/stop, optimum boiler
operation and other control functions available for computer control systems.

(b) Solar intengty darm to indicate the need for shading while maximum cooling
is operdtive.

(c) Carbon dioxide monitoring of greenhouse air including darm functions, and
automatic modulation or positioning of outdoor air dampers.

(d) Humidity monitoring of greenhouse air to automatically operate outdoor air
dampers.

(6) Wind and rain sensorsto automatically control position of ridge vents.

Sequence of Operation - Level 2:

1)

The centrd control panel shdl receive space temperature information and optiondly
humidity, carbon dioxide and solar intengity data from greenhouse sensors. Space
temperature is the primary control varigble that shal regulate, through the centra
contral unit, the operation of the heating, ventilation and cooling equipment. A
maximum of (+) or (-) 5 degree F "deadband" temperature range shal exist in
which the heating and cooling equipment does not operate. When the greenhouse
temperature drops below setpoint the hegating equipment shal be energized in two
(2) or more stages. When the greenhouse temperature rises above setpoint, the
ventilating and cooling equipment shall be energized in five (5) or more dages. A
summary of the operating sequence for Leve 2 control isincluded in the following
Table that relates the heating or cooling stage to equipment operating status.

The sequence of operation shdl be asfollows (SP = Setpoint, numericd vaue
represents degrees F).

Setpoint Stage of Control

SPtoSP(+) or (-) 5 Deadband - no heating or cooling
SP-5 H1 - Minimum hesting

SP-7 H2 - Maximum hegting

SP+5 C1 - Naturd ventilation

SP+7 C2 - Minimum fan ventilation
SP+9 C3 - Maximum fan ventilation
SP+11 C4 - Evaporative cooling
SP+13 Over temperature darm
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2)  The equipment control functions shown in the level 2 Control Summary Table shdl be
enacted asfollows:

(@ Setpoint equipment operating status:

. Overhead air system is operating to circulate greenhouse air.

. Overhead air system outdoor ar damper is closed, but can be automaticaly
opened for short intervals to reduce humidity or to increase daytime Carbon
Dioxide levels. Automatic reclosure of outdoor air damper shal be provided by
the control system, every 15 minutes.

. The minimum winter exhaust fan shdl be dectricaly interlocked with the
overhead air system outdoor air damper, and shall open and close with the
overhead air system outdoor air damper.

(b) H1-Minimum Heating:

. Overhead air system shdl operate

. Perimeter fin-tube radiation shall operate by:

. Opening the radiation hot water vave, and
. Energizing the fin-tube radiation hot water pump

. The overhead air system outdoor air damper and minimum exhaust fan can be
automaticaly operated in response to humidity and carbon dioxide levels as
previoudy described for setpoint operation.

. All other equipment shal be closed or de-energized. Ventilation dampers must
be in ther full-closed position.

(60 H2-Maximum Heating:
. Stage H1 equipment shal be operationa

. Overhead air system outdoor air damper shall be closed except to maintain the
desired humidity and carbon dioxide levels.

. Overhead unit heater(s) shdl be energized:

. Hot Water valve on hegting coil shdl open.
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(d)

(€

()

. Hot Water supply pump to heating coils shall be
energized.

Minimum exhaust fan shal operate as needed for humidity and carbon dioxide
control - it shal be eectricdly interlocked with the overhead air syssem outdoor
ar damper. (Minimum exhaust fan is smalest fan at low-speed operation or a
Separate winter exhaust fan.)

C1 Natural Ventilation:

Ridge vents shdl be automaticaly positioned to open in 4 stages (1/4 open, 1/2
open, 3/4 open, fully open) by an dectric drive system.

Sidewdl vents shdl be automatically positioned to open in 4 stages (1/4 open,
1/2 open, 3/4 open, fully open) by an eectric drive system.

All other HVAC equipment shal be closed or de-energized before ridge and
Sdewal vents can open.

Theridge and Sdewdl ventswill openin 1/4 increment with time delays
between each stage to prevent rapid cycling of the vent. Optiondly, a
computer-based control system can provide direct, continuous damper
modulation.

C2 Minimum Fan Ventilation:

Overhead Air System shall operate.

Overhead Air System Outdoor Air Damper shall open.

Exhaust fan(s) shdl operate at low air flow.

Sidewal vent on wal opposte the exhaust fans shal be autometicaly positioned
to 1/2 open.

C3 Maximize Fan Ventilation:
Overhead air system shdl operate.
Overhead air system outdoor Air Damper shdl open.

Exhaugt Fans shdl operate a medium air flow.
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3)

()

Sdewadl vents on wall opposite exhaust fans shdl be automatically positioned to
full-open.

C4 Maximum Fan Ventilation:

Exhaust Fans shdl operate a high air flow - (All fans operating a high-speed).
Sdewal Vents shdl be automaticaly positioned to full-open.

C5 Evaporative Coaling:

Exhaust fans shdl operate at maximum air flow - (All Fans operating at
high-speed).

Evaporative pad air damper shdl open
Evaporative pad water pump shdl be energized to produce cooling water flow.

Sdewal vent shal be automaticaly positioned to full-close position so thet all
incoming air flows through evaporative cooling pads.

The following control system functions shdl beincluded in Leve 2:

@

Two-stage Winter ventilation shal be provided asfollows:
Option 1. Two Stage Ventilation

. Stage | shal open the Overhead Air System outdoor air damper to to
1/2-open position, and the winter exhaust fan shall operate at low speed.

. Stage 2 Winter ventilation shdl open the overhead Fan-Jet outdoor air
damper to full-open position, and the winter exhaust fan shal operate at

high speed.
. The system shdl automaticaly operate a Stage | (minimum) ventiletion air.
. Greenhouse operators can manudly initiate Stage 2 (Maximum) Winter

Ventilaion to reduce humidity levels or to increase CO2 levels. The
system shd| automatically return to Stage | operation (Minimum Winter
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(b)

(©

(d)

()

ventilation) offer a presdected time period of 15 minutes.

. Optiondly, humidity and carbon dioxide sensors can select between no
ventilation, sage | (minimum) ventilation, and stage 2 (maximum
ventilaion).

Option 2: Continuous Modulation of Ventilation Air

. Humidity and carbon dioxide sensors will autometicaly postion the
outdoor ar damper on the overhead air system to produce minimum
ventilation air flow rates, while maintaining acceptable humidity and carbon
dioxide levels within the greenhouse.

. A modulating outlet damper on the winter exhaugt fan will vary the exhaust
flow rate to match the ventilation air flow rate.

Continuous measurement of greenhouse Carbon Dioxide concentration shall be
provided as an option. The range of the Carbon Dioxide Monitor shall be O to
3000 parts per million, with an accuracy of 2 percent of full-scaereading. A
digitd or andog read-out meter (minimum of 4") and provison for 4-20 ma or
0-1 volt DC output signals shal be provided.

The Carbon Dioxide Meter shdl include sampling pump, air filters, high and low
CO2 darm contacts, and al other components necessary for proper operation
in greenhouses.

An optiona shading Alarm shdl indicate excessve greenhouse temperature
while maximum cooling (C5) is operaing.

Automatic reset of heating hot water shall be provided based on outdoor air
temperature. Asthe outdoor air temperature increases, the heating hot water
temperature shall decrease. An example set-back schedule is asfollows:

OUTDOOR AIR HOT WATER
TEMPERATURE (degrees F) TEMPERATURE (degrees F)
0 180
55 100

A linear relaionship shdl exist between the outdoor air temperature and heeting
hot water supply temperature at intermediate values. The temperature reset
schedule shall be adjustable. All required components including hot water
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temperature sensor(s), shielded outdoor air temperature sensor(s), and hot
water temperature controllers shal be provided.

11.5.6 Leved 3 Contral.

Leve 3 can be sdlected when more precise control of greenhouse environmenta conditionsis
required than is available through Level | or Leve 2 operation. Leve 3 includesdl of the control
functions described in Level 1 and Levd 2, and shdl add the following:

a

Reduced temperature "deadband” and more precise temperature, humidity and carbon
dioxide leved regulation. Temperature changes shdl be 3 degreesF or less.

Automatic humidity control by operating ventilation system based on humidigtat setpoint.
Greenhouse temperature shdl be the primary control variable, and greenhouse humidity shal
be the secondary control variable. Increased ventilation shdl be limited to 15 minutestime
intervas to control increased fud costs during the heating season. The intervas shdl be
adjustable by the greenhouse operators.

Optiona automatic fine-tuning of ventilation air dampers during the heeting season based on
geenhouse Carbon Dioxide levels during daylight hours. The ventilation air dampers shdl be
fully modulating and shal assume the minimum opening necessary to maintain minimum
acceptable Carbon Dioxide levels within the greenhouse. This "carbon dioxide trim”
function shdl reduce ventilation ar to minimum levels for reduced heating energy
consumption. The carbon dioxide setpoint, approximately 1000 ppm, shal be adjustable by
greenhouse operators, and serve as input to the computer controller to modulate the
outdoor air damper positions.

Automatic shading controls shdl be available as an option to postion shade cloths so that
greenhouse overheating (above a presdlected temperature) is prevented when the HVAC
system is operating a maximum cooling. The computer controller shal sensetherisein

temperature at maximum cooling and modulate the shade cloth position toward full-closed

pogition.

The computer control system shadl continualy monitor greenhouse temperature, outdoor air
temperature, and other important parameters, and record this information in magnetic form
such as recording tape, floppy disc, hard disc, or other conventional data storage devices.

PART 6. IRRIGATION SYSTEMS
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11.6.1 General.
a.  Theirrigation sysem shdl be responsive to any of the benching sysemsused in the

greenhouse, including the four growing conditions listed below:
1) Propagation beds

2)  Shdlow tray, flats or smilar smdl root-media containers
3)  Deep bench or ground beds

4)  Potsor growing containers

Each of these distinct growing conditions may form a portion of a bench or ground bed or
may extend to the entire greenhouse.

Water Supply:

The water supply shal be equivalent to normal potable water with aflow rate sufficient to
provide the requirements of the largest zone of nozzles operating in the sysem. Any water
supply of insufficient pressure shal have a booster pump used to meet the pressure
requirements.

Shutoff Valve:

A manualy operated, readily accessible full-flow bal or gate vave shal be used ahead of dl
system components to facilitate cutoff and maintenance of the system.

Strainer:

1) Aninlinedraner or filter shdl be used in the main supply line to provide entrgpment
of sediment and particles that can inhibit proper operation of solenoids and nozzles.

2)  Thedevice shdl have abody of brass, duminum, or plagtic, a stainless stedl screen or
replaceable e ement filter of 200 mesh sze.

3) Theinlinedraner shdl have arated flow rate capacity exceeding the flow of the
largest zone with lessthan a3 ps pressure drop and a safe working pressure
exceeding the syslem maximum pressure.

4)  Thedraner shdl be eadly cleaned.

Solenoids:

1) Solenoidsto control the water flow shall be the quick acting type, 24 VAC, normaly
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closed.
2) Solenoidsshdl be of brass, plagtic or equivaent materid and of aszeto provide the
flow of the line with a pressure drop less than 5% of the line operating pressure.
Vacuum Breaker:
A vacuum bresker or equa backflow prevention device shdl be used downline from the
solenoid valve, if required by local codes, to prevent any possible backflow contamination
of potable water supplies.

Zones:

1) Severd zones may be established to provide individudized requirements and system
Szing asrequired.

2)  Groups of nozzles, digtribution lines, a solenoid valve and vacuum bregker (if used)
designed for a particular bench or benches and gpplication rate will condtitute a zone
for control.

Distribution Lines:

1) Thedidribution ling(s) shall be of working pressure exceeding the supply maximum
and asize to provide the flow rate for not exceeding 10% of the input operating

pressure.

2)  Acceptable materidsinclude but are not limited to PV C, PE, and copper.

11.6.2 Propagation Beds.

a

Propagation beds enable cuttings from existing plants to be nurtured until aroot systemis
established that will sugtain the new plant in anorma growing environment. Propagation
beds require a micro-environment of high humidity, afilm of on the leaf surface and full
sunlight. This micro-environment is provided by misting.

A miging system congsts of ardative high pressure water source, nozzles that produce a
fine migt, and controls that regulate the frequency and duration of migting. Figure 11-15
illustrates the main components of a misting system and propagetion bed.

Water Supply:
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Water supply shal be as specified in paragraph 11.6.1(b) with a pressure of 4.0 to 125 ps.
d.  Shut off Valve:

A shutoff valve as specified in paragraph 11.6.1(c) shal be provided.
e. Srainer:

Aninline gtrainer as specified in paragraph 11.6.1(d) shdl be provided.
f.  Nozzles:

1) Nozzesshdl bea'migting or ‘fogger' type that produce afine mist at 40-125 ps
pressure range. Nozzles output shal be of 0.02 to 0.15 gpm.

2) Nozzles shdl provide as uniformly as possble amist over the cuttings from edge to
edge of the bench and dong its length. Nozzles shdl be arranged in an overlgpping

pattern.

3) Thenozzles shdl operate on averticd riser above the bed or under an overhead pipe
asillugtrated in Figure 1 depending on the specific greenhouse gpplication.

4)  Overhead pipe shdl have apressure release valve in the lowest part of the pipeto
drain the pipe when cut off, thus preventing spots of water drip from the nozzles. The
nozzle height above the plants and spacing aong the line shall be per the
manufacturer's specifications for the nozzle design used.

5) Thenozzle design shdl provide for easy deaning and un-clogging mantenance by the
user.

g.  Digtribution Line:
1) Didribution line shdl be provided as specified in paragraph 11.6.1(h).

2) Thedigribution lines shall be supported as necessary to keep sag between the
supports less than one-hdf the line diameter.

h.  Solenoids:
Solenoids shdl be provided as specified in paragraph 11.6.1(€).

i. Vacuum Breaker:
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Vacuum bresker shall be as specified in paragraph 11.6.1(f).
j.  Zones:

Refer as specified in paragraph 11.6.1(g).

k. Controls:

Minimum controls for the misting system shdl consst of a 24 hour cyde timer mechanism
cgpable of manualy setting aminimum of 5 or 6 seconds up to 30 seconds 'On'’ time per 10
minute period, and tapering to aminimum of 5 seconds 'ON' for any one hour period
throughout the 24 hour cycle.

l. Optional Contrals:
An"Artificid Leaf" or equivaent sensor device may be used to activate a solenoid valve and
connected misting line to provide automatic ON-OFF operation if such devices ensure
reliable contral of the system.

m.  Bed Protection:
Propagation beds located in the vicinity of other greenhouse operations with low humidity
and/or excessve air movement that can cause rgpid drying or distort the mist gpplication

may need a protective hood of clear plastic film drgped over a non-corrosive framework to
shidd the migt yet dlow suitable temperature uniformity for the bed.
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11.6.3 Shallow Trays, Flats Or Similar Small Root-Media Containers:

a

Shdlow trays, flats and smilar germinating or early growth containers have characteristics of
low water holding capacity and high evapotranspiration rates which necessitate frequent
low-volume watering cycles.

The mist propagation system described above may be used for these gpplications with a
longer ON period per watering and less frequent periods to provide the required root-media
moisture content.

Alternate spray or sprinkler nozzle systems with larger droplet Szes may also be used.
Specificationsfor thislatter methods follow. Figure 11-16 illugtrates the main components
of the spray or sprinkler nozzle system with bench leve digtribution lines.

Water Supply:

The water supply shal be as specified in paragraph 11.6.1(b) with a pressure of 40 to 80
pS.

Shutoff Valve:
Shutoff vave shall be provided as specified in paragraph 11.6.1(C).
Strainer:

Aninline strainer or filter as specified in paragraph 11.6.1(d) shall be used, except that a
100 mesh screen or filter may be used dternately.

Nozzles:

Nozzles shdl be a gpraying or sprinkler type that produce a uniform watering pattern at
40-80 ps. Nozzles shdl have an output of 0.10 to 0.50 gpm. The nozzles shdl operate on
avertica riser or under an overhead pipe asillugtrated in Figure 2 depending on the specific
greenhouse gpplication. The nozzle height above the plants and spacing dong the line shall
be per the manufacturer's specifications for the nozzle design used so as to provide as
uniformly as possible water gpplication from edge to edge of the bench and dong its length.
Nozzles are generaly arranged in an overlapping pattern.
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h.

Distribution Line:

Didtribution line shdl be as specified in paragraph 11.6.1(h) with a pressure rlease drain
vave and line used to drain the distribution lines at shutoff.

Solenoids:

Solenoids shdl be provided as specified in paragraph 11.6.1(e)

Vacuum breaker:

Vacuum breaker shall be provided as specified in paragraph 11.6.1(f).

Zones:

Refer as specified in paragraph 11.6.1(g).

Controls:

Minimum controls for the prinkler watering system shal consst of a 24 hour cycle timer

mechanism capable of manudly setting 10 minutes ON per 60 minute interva  tapering to a
minimum of 1 minute ON for any one hour  period throughout the 24 hour cycle.

11.6.4 Deep Bench Or Ground Beds.

a

Watering System: Deep bench (over 4 inches of media) or ground beds have greater
water holding and moisture migration characterigtics than trays and can utilize awatering
system that either wets the foliage or keeps the foliage dry during watering gpplications.
Thespray or sprinkler system: Any of these systems can be readily utilized for a'wet'
foliage system whereas optional 'trickle tube' systems described in 11.6.4(g) can be used to
maintain dry foliage, hence less likely disease oread during watering. Figure 11-17
illugtrates atrickle tube system as further defined below.

Water Supply:

Water supply provided as specified in paragraph 11.6.1(b) with apressure 5to 15 ps.
Shutoff Valve:

Shutoff valve shall be provided as specified in paragraph 11.6.1.(c).

292



ARS MANUAL 242.1
Construction Project Design Standard August 30, 1991

€.

Pressure Regulator:

A pressure regulator shall reduce norma water supply pressure to the required 5 to 15 ps
for the trickle tube system. The pressure regulator shal be capable of  operating at the
main supply lineincoming pressure and provide the required flow for a zone of trickle tube
a the pressure required by the trickle tubes with less than a 5% variation in flow control.
Strainer:

Anin-line rainer or filter as specified in paragraph 11.6.1(d) shall be used.

Trickle Tubes:

Trickle tubes shdl be the two-chamber type or 4- or 9- mil plastic with outlet spacing 4 x
20 or 4 x 24 and an output of approximately 1.5 gpm per 100 ft. of tube.

Distribution, Header and Lateral Lines

Didtribution lines shdl be as specified in paragraph 11.6.1(h) with a pressure release drain
vave.

Solenoids:

Solenoids shdl be provided as specified in paragraph 11.6.1(€).
Vacuum Breaker:

Vacuum breskers shdl be as specified in paragraph 11.6.1(f)
Zones:

Groups of trickle tubes, distribution lines, a solenoid vave and vacuum bresker shall
condtitute a zone as specified in paragraph 11.6.1(g)
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Controls:

Minimum controls for the trickle tube system shdl consst of a7 day cycle timer mechaniam
cagpable of manually setting 0.5 to 4.0 hours ON during a selected day with non-selected
days skipped. Each zone shdl be controllable independently.

11.6.5 Potsand Large Growing Containers.

a

Potsor growing containers: If larger than 4-6 inchesin typicd width and height, they
have characteristics of good water holding capacity with medium evapotranspiration rates.

Watering methods: Primarily spray or sprinkler systlems where the foliage can be wet or a
single watering micro-tube per pot for dry foliage requirements. The single-tube-per-pot
system involves speciad micro-size tubes with one end placed on the pot's surface and the
other end inserted as afriction fitin aPVC or PE main or header line operating at low
pressure - around 4-5 psi. Figure 11-18 illugrates these dternatives.

Water Supply:

Water supply shal be as specified in paragraph 11.6.1(b) with a pressure of 4-5 ps.
Shutoff Valve:

Shutoff vave shall be provided as specified in paragraph 11.6.1(C).

Pressure Regulator:

1) Pressureregulator: It shal reduce norma water supply pressure to the required 4-5
ps or the micro-tube system.

2) Pressureregulator: It shdl be cgpable of operating at the main supply line incoming
pressure and provide the required flow for a zone of trickle tube at the pressure
required by the tubes with less than a 5% variation in flow control.

Strainer:

Anin-line grainer or filter as specified in paragraph 11.6.1(d) shall be used.
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g.

Tubes:

Current commercid ‘Leader’ type tubes shal be used. Available sizes range from 0.036 to
0.076 inch ID, 12 to 72 incheslong, and 0.128 inches OD with aflow of 0.01 to 0.12 gpm
a4pg.

Distribution, Header and Lateral Lines:

Didtribution lines shdl be provided as specified in paragraph 11.6.1(h) with a pressure
relesse drain valve.

Solenoids:

Solenoids shdl be provided as specified in paragraph 11.6.1(€).
Vacuum Breaker:

Vacuum breaker shall be provided as specified in - paragraph 11.6.1(f).
Zones:

Groups of micro-tubes distribution lines, a solenoid valve and vacuum bregker shal
condtitute a zone as pecified in paragraph 11.6.1(g).

Controls:
Minimum controls for the micro-tube sysem shdl consst of a7 day cycle timer mechanism

capable of manuadly setting 0.5 to 4.0 hours "ON" during a selected day with non-selected
days skipped. Each zone shdl be controllable independently.

11.6.6 Decalcification Of Potable Or Irrigation Water.

a

Decalcification: Decdcification (water softening) of potable or irrigation water requires
four conditions to be considered:

1) Hadnessof water supply (grains per galon)
2) Levd of hardness permissible for plant use
3)  Quantity of water required per unit of time

4)  Side effects of secondary chemica build-up
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b. Water softening exchanges cacium (Cat+) and magnesum ions (Mg++) with sodium ions
(Nat) on the surface of an ion exchangeresin in atank. Water flowing through the tank is
softened as long as exchangeable sodium ions are fill available. Softened water contains
increased sodium and, thus, could be detrimentd to plant growth, especidly with sat
build-up over time. Water with less than 60 mg/liter (3.5 grains per galon) hardnessis
generdly not softened because this smal amount does not cause unreasonable damage to
fixtures. Commercid tank-type equipment is generdly used for water softening. Mixed-bed
ion exchangers, sometimes called deionizers, remove dl or selected mineras such as
cacium, magnesum, sulfate and nitrate. Reverse osmos's equipment likewise can remove
dmog dl minerds.

c. Watea Softeners:

1) Softenersare automatic, semi-automatic, or manua. Each typeis madein severd
szesand israted on the amount of hardness that can be removed before

regeneration is necessary.

2)  Fully automatic softeners regenerate on a preset schedule and return to service
automaticaly. Regeneration is usudly started by atime clock; some units are darted
by meters or hardness detectors.

3) Semi-automatic softeners have automatic controls except for the start of regeneration.

4)  Manua softeners require the manual operation of one or more vavesto control
backwashing, brining, and rinsing.

d. Szng:
1) The softener szeto ingtdl depends on the amount  of hardness and other dissolved
minerds such asiron in the water, pump capacity (the available flow rate for

backwashing), water use per day, and the desired time between regenerations.

2) A softener rated at 20,000 grains of hardness exchange capacity softens 1000 gal of
water with 20 graing/ga between regenerations.
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PART 7. ELECTRICAL

11.7.1 Basic Materials and Methods.

All dectricd wiring in the greenhouse shdl be designed for accommodating additiond circuitsin
the future. Lighting circuits shdl provide a minimum of 27 wattysg. ft.

a  Raceways:

1)  Wiring for lighting purposes shal be placed in raceways suspended overheed, at eave
height, above each circulation dley.

2) Eachraceway shdl be equipped with on-off switches, at least one per compartment
and at least two per greenhouse (one in the proximity of each gable). Each raceway
shdl be equipped with outlets located at 10 ft.- 12 ft. on centers.

3) Racewaysshdl be made of duminum.

b. Conduits:
Conduits shdl be as specified in the Nationa Electricd Code.

11.7.2 Lighting.

Greenhouse dectricd systems shdl accommodate any lighting system listed below or combination
thereof:

I ncandescent

Fluorescent

Meta Hdide

Mercury Vapor

High and Low Pressure Sodium
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1211

12.1.2

12.1.3

12.1.4

12.1.5

12.1.6

12.1.7

12.1.8

CHAPTER 12. DRAFTING STANDARDS
PART 1. GENERAL

General: These standards were developed for designers and drafters to ensure clear, uniform
design drawings and illugtrations. Primary consideration is aso given to the reproduction
processes, equipment, and techniques utilized later. Strict adherence to these sandards is
essentid.

Drawing Media: All drawingswill be prepared in pencil on mylar supplied by ARS.

Reproduction/Reduction: All work will be prepared for printing at one-half size reduction
unless otherwise ingructed. Character definition shal be of such quality that drawings may be
reduced to35 mm microfilm and blown back full size by microreproduction process without
showing evidence of filled-in loops, or a running together of characters and/or lines.

Lettering: Generdly, lettering shdl be verticd, al caps, sngle stroke commercia Gothic style,
1/8 inch minimum height, asilludtrated later. The lettering may be produced ether freehand, by
the use of mechanicd lettering insruments, or any of the newer mechanical-dectricd |ettering
devicesif they otherwise conform to the height and generd style requirements. Specia guidance
for symbol and topographic mapping notations are trested separately in thisvolume. Titlesand
sub-titles within the body of the drawing, graphic scaes, title and revision block information, and
certain other items must be mechanically |ettered as described later.

Drawing Scales: Scaes should be sdected to avoid overcrowding and alow for half-size
reductions. Where thisis not practicable, congested areas should be pulled out and enlarged to a
suitable scale. A graphic scae will be shown on every drawing or for every portion of the
drawing of adifferent scde. The graphic scdeis normaly centered directly under the title of the
view and need not be repeated on that sheet if the same scale reoccurs.

Line Weights. During theinitid sdection of line weights, important festures and outlines should
be more prominently depicted than those of secondary or unrelated festures. Line weights are
described and delinested later.

Uniformity: When making dterations or additions to existing drawings, specid care should be
exercised to follow the same style and size lettering, as wdll as other conventions on the
drawing(s) in the interest of uniformity.

Computer Aided Design and Drafting (CADD): CADD sysems may be utilized for drafting
production. However, the computer-generated drawings should exhibit the same generd high
quality standards specified for manua drafting (i.e., ink pen-plotting, clarity, appropriate lettering
dze and syle, etc.)
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12.1.9 Miscellaneous. Appliques ("stick-ons"), shading, screening, and other techniques not

specificaly authorized herein are not permitted. These techniques are not compatible with our
filing and/or reproduction process.
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PART 2. STANDARDS

(refer to pages 302 through 350)
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CONVENTIONS
DIMENSIONING
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CONVENTIONS

DIMENSIONING - LEADEAS AND ARROWS

ARROKS:
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CONVENTIONS
DIMENSIONING - AKGLES, RAD! AND CHAMFERS
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CONVENTIONS
BREAKS
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CONVENITIONS
SECTION, DETAIL AND ELEVATION CROSS REFERENCING

SLOTICY POTEREMNCING: USE OW A'L DRBWIKGS WHEM PRAZTICAL

SECTICY TDENTEFICATION H'JHEER—-—-——-—...___‘m
——HEET GR PLATE WUMBER 04 WAICH SECTION 15 DRAWN
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SYMREIL FCR LOCATING COHDITICH
Far WHITE THEAE 1% A DETAIL SUSTITLE FOR DETALL DasdlbG

flirG Bl ARE BEFERCHTINGS
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CONVENTIONS
CROSS REFERENCING ILLUSTRATIONS
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CONVENTIONS
ELEVATION (HEIGHT) INDICATIONS
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CONVENTIONS
SLOPES AND GRADES

SLOPES: APPLIGCAHLE TQ EMEAMEMENTS OR ENCAYATICNS
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LUMNYLNIIWNG
ARCHITECTURAL

DIMENS]ICNING WALLS ARD PARTITICNS:
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LOUONMYEMNTIUND
LEGEND FORMAT
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LUNYEMNIIWVN 2
MISCELLANEQUS

BATTER: APPLICABLE FOR CORCRETE WORK QR ROCK EXCAVATION
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ENGINEERING SYMBOLS
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VLEL SHIET RFTLIME

NN,
Z N
?;E

P 1

MATERIAL

PLAN

RTPRAR - PLAZED RIFRAF - TWMEED

BRICK
FSMALL STALE]

BITUMEK BITJMEN
[EXISTING) (KEW]
B Sy
— 1
.i,nnq"-..‘g EE y
LCHIRETE Cr.l
[FC5 EMFHASIS] [eMALl SCALED
-
GASETON
Lo=1%

320



ENGINEERING SYMBOLS
MATERIAL
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ENGINEERING SYMBOLS
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KEY PLANS AND WMATCH LINE
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GRAPHIC

ESAMPLE = FRIDUENTLY USED SZALES:
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NORTH ARROWS

CRIEMTATICN:
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b= JERL W] o = CAFNE OO Wit

PERCEMTALE :
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MECHANICAL SYMBOLS
FIPING

AIR COADITEORING AND REFRIGERATIOR:

RERT

CHILLED WATER SLPTLY
CHILLED wATLR RETURA
COMGLNSER WATER SUFPLY

CUNJERSER WATER RETURK

DOATN

JUAL TEMEL®ATURD RCTUSH

GUAL TEMPERATLRE SUPFLY
FUHICIFICATION LIRE
REFRIGERANT DISTFARGE
FEFHIGERANT L14u1D
REFRIGERANT SUCTIEN

BHD PORER:

PCILEw BLCW DF7

CCHOLNSATE DR VACLUM PLMP D1SCRARGE
FEEDw~TER DMKFP Cl1=CHRRGE

FLEL o1l FLOW

FUEL CIL RETLRY

FUEL CIL TRAWSFCR

FJol Cii YIHT

F1GH PRISSURL STEAK

FIGl PRESSJRE CORDERSATE RETJRN
K15H TEMIDRATURE WETER TLPELY
ridh TERPURATURE WATER RETURN
27 WRTER HEATING SUPFLY

HGT WATER HEATIHG RETURN
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MECHANICAL SYMBOLS
FIFLNG

HEAT A4 ®CWIR CORTINJED;

LOA PRISEURE STEAY

Lok FRESSLRZ RETURM

LUERCATIGY OIL

MED: JM FREZSURE STEAM

MED] UM FRESSURE COKDEMSATE RITURN

FIFE RHLFDR

PoURSIRE

AZETYLERE

BCIC RESESTART WRSTE LIKE
CLERNIUT ASDWE GRATE

CLERRILT FLODR

LLEGKZLT GRADE

CLESWEIT WALL

Co_i #ATER

CRMERESSI0 ALR

DARIN TLOGR

LRATH OREn ZEOHT

FALEET

f bt

bh5

CASOLINE

GRS SHLL-OTT WRLYE IN CALZT JRCH
VA VE BOX

HOSE, LAWY FAICET On WALL RYORANT
FXT DLAIGNATICH

PO b

HET HATER
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MECHAN!CAL SYMBOLS
FIPING

-HGT WATER RETURN RECIACUCATING

KYLA0GEY HY
HITR0JE Q¥IpE Ny O
057 GEH o
PREUMATIC P
PREJMATIC TUBE RUN

ROGF DRAIN R
SALT WRTER g
STOAM ORAIN &,
SENITERY SEWER ==
TEMTERED WATER T
WACEUM W
WENT —_—— e ————
YIHT TIE BACK VTR
YERT THROJGH REOF VTR

hASTE LTIKE [ABONE AND BELCWA GRADE}

fPRIME.ERS:

BRENCH AKT EERD (UPRIGHT) S Y S -
BRANCY ARD HERD (PENDART) — el —
DRATH — e — — — ) —
AN SURPLY a

RISER £ND S17E —_—a
FONM SPRINKLER PIPE Pa

FIRE MIKLTER PIPE EM

HALON FiPE H
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MECHANICAL SYMBOLS
FITTINGS AMD VAILVES
CORNFCTION TYPE%-

FLARGED SCREWED EILL & SPIGIT HELBED S0LOERED

Fof™ fuf™ fuf ff fRfT

FI1P THINGE:
EASE ELBOW REDJCER - COMCERTRIC 4 o—
CR]ER

RECJCING ELBOH T

ELGOW - 45 DESAEES

REDICING FLARGE —

SLEEVE —_—

} REMJCER - ECCERTRIC g -

£LEOW - 30 DEGREES

P 4

ELEDW - LOY3 RADILS

ILEOK - TURYED DakN G TEE DUTLET - DIKN —HH—
TEE OUT LET - UF o
ILEOK - TLRNID UP O—
UMD - FLANGED ——
ENPANSION JDINT - BELLOWS 3%
W10 SCREWED —r—
EXFANSICH JAINT - SLIDIRG £
FLEXIBLE CCHYECTIONS
wleraTlon £LIRIRATORs TV BEE-
LRTERAL 1/'
CEHRECTIAN T¥PES:
FLAHGED SCRERED GILL & SPIGOT  WELDED SO_OERED
e —te— —pi— el = L

NOTE;

SCREKED ESD REPAESENTATEON MAY BE USEG FOR A_L TY¥#ES OF CONMECTIONS FRIVIGED THE
TYPE OF COnMECTEOW 15 COWERTIC AY DRAWIMG LEGIND, MOTE OR SPECIFJCATIONS
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MECHANICAL SYMBOLS

VALWES

AUGLE GLCED WALNE

BHGLE RLLCOLE WALwE

SOLER SATETY FRLZSUSE RELTEF YALYE

CEECY, WALYE
COLTROL WALWE
DJFLEX STRAIMIR

GRTZ ¥ALYE

GLUZE YALVE

HOSE S&TE waevE
ESSE GLOBE WALVE

MZTOR CPERATED GBATE WALY

MOTOF OFC3ATED GLOBE YALWE

YOTCR JFERS1LE 3-wAY YALVE

RLIGLE ¥ALYE

FLUGE WALWE CR BALANCIYNG COCK

FRESSJSE REJLCING wALYT

FPREESURE RELIEF WALWE

SALERGID QFERATEDR WALVE
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MECHANICAL SYMBOLS
GAGES, INSTRUMENTS AND MISCELLANEOUS

AIRCARYZER

BUTOVATIC ATROVENT

CAMPRESEIED SIR QUTLET

[

]

TTRECT RESDING THERVIMETER- E;_I

EARE BLLE TYPE

DIFECT RCACTRG THZRMCMETLR- '?

SEPARASLE SDCKET THPRE

EOLCTTLR

FILTER=G1L JLFLEX

GREE GLR3S

PRI a15TRT

PREESURE GRAGT
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MECHANICAL SYMBOLS
ARCHITECTURAL REPRESENTATIONS

PLUMBING FEATURES:

EATHTU®

BIDET

GRINKING FOUNTAIN
{PEGESTAL TYPE)

GRIMEING FQUYTAIN
(TREAJGH TYEE)

DRTNEING FOUMTAIR
[MALL TYPE)

ELECTR:C WATEA COGLER
Al DRINGING FLJRTAIN

GAS CUTLET

GIERSE SEFARATOR

HOSE RACK

HOT WATER STORAGE TANY

LednDRY TRAY

LhvhTosy

DIL SEFARATOE

)
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STRYILE GTHK

=
=

X

SHOWER HEAD

SHIWER STALL

EINE [COUNTER TOP
OR FilltE RIM}

LITZ BATH

URTRAL [WALL TYPE}

URIHAL [FLOJR TYPE)

VATUJM QUVLET

WATER CLOSET {FLUSH

YALVE TYPZ)

WATER CLDETT
[IAHE TVFE)

RETER LLOSET
(WALL HLHGY

KWATER HERTER

@CJODC,?JdOﬂHlD



MECHANICAL 3IYMBUOLDS

HEATING, VENTILATING aND AIR CONDITIONING

FANL, HEATERS MWD YERTILATORS:

FERTRIFLGS. REIF EXHAUST folier.) GRA¥ITY ROGF VENTILATCR @
Fib &0 CESIGRAT ;N

KiT HIATER AND e

UEIT HE4 " —f
CENTRIFJGA. WELL ER- Er-2 [=SIGYRTION r_‘[]
REIET FAh BKD DF3.5- —F-
1T |
MATICH UNIT HEATER-YERTICAL \k J‘i’(

ANT DERIGNATION

PREZZELLER TYPE kA_L

A hL T -
MibJATED FAN 440 D516 UKLT ¥ENTILATOR

HLT10H
CORVECTOR RHD £l
CES " SKATION ————
RATIE1CR A3N Iil
GES]ZRhATICH

DUC T IRE-

CETZING TJIFFUSER -

BIP GEFLEC = —a- ; FICTANGILER OR
SRUARE, 3-WAY TEROH

e e ¥ M CEILIRG CIFFUSER -
BUTAMETTE DRMAERS - Toaa Lt
"TOR CPc -, === RECTARGULAS 0%
METOR CFZRATED SRRSO STk, 4-Wht THRDW

A
L
CELLINS DIFFUSER -
; ROLT
- | 7000 FwW
LILIHG RETURN AZR ¥, | -7
PE[ETES GELLLE —

DIRECTCOR O FLOW

RELTRNGL, AR
LCT - FLRST FIGHRE
WIDTH, SECCHD GIPTH

CEILINS DLFTLSER - b ordges

HALF - REUND s Tl IR

FLE¥IEBLE B30T
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MECHANICAL -SYMBOLS
HEATING, VENTILATING AND AIR CONDITIONING

DUCTWORK: [CONTINUEDD
EXHAUST IHLEY ) =-—t— SUPPLY DUTLET h+_

FiEXIELE
et e - TURNIKS VAKES I @
{1

GUTSTOE RIR OLCT
SECTLON [twoxne

VOLUME CONTROL  J IMD %
DAMPER {MAKUALY FLAN
IHCLINED DROP TN M ' x 'Y
- -
RESFELT TG AIR FLDW ELEVETION

TNILTKED RISE IN m\
RESPECT TC ATE FLQW
meE ¢ GIOSERECE ON ROOF ||

OTHER DTS sEETICY [

RCCOUSTICALLY S
iy 20xizCs LMD CucT
-

INTAKE LOuvER

qutzins BAIR -

1 k
L S
1

TAT IGIER 12’#{ 730 BEM FIRL DASPIR

Ik DUCT 1 HEE)

PENETRATION OF whLL 44”
RETURK UF EXARUST 2 '
DUET SECTICN [)xu

ME-O% ORERATED -
SEGISTIR 07 GRILLE 7 A I | 1

AL B:CT PCHETRATLON
#57 CEM CAPACITY - bkl aF WAL en
3T0E WALL TOGL CEM
5 0.
L

SPLITTER CRMPZR

SURPLY BT E}-—zn X1z

SECTION
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ELECTRICAL SYMBULS

EXTERIOR
REER, ©
ALSD REFER T0 IdE TGFOSRAPHY - EXTERIDR UTiLITIES PIATION DF THIS WOLUME
EXIETIHE MEW
PGLE - LINSTH AYD CLASS 14DICATED o .
A5 35-%
POLE WITH COk™ GJY AND ARCAQOR - LEWRTH ARD CLASS
GF POLL AKD STREMGTH OF ALY [N POUNDS RS INDILATED. ) —
5 5 -da M B85 G
TRANIEIRVIR INSTALEATHON - DESIGHATION 1.25-1 IWGICATES
CUBNTITY, EVA AWG TRANEFIRMER PHASES, RESPECTIVELY:
1.E., CME 26 K4B SINGLE PARSE. SYMGDL INPLTES
LIEHThI%G ARRESTERS ARD FUSED CUTOLTS.  ALSO, AS 2B BT
SHOWY G TYRICAL OR SEECIAL DETRILS O CRNWING. PHASE
NRECTION A5 HOIEATED,
CORECTION AS WD a5 55.s
POLL W1+ STREET LIGHT - LEKGTH ANG CLASS OF POLE o} 8F2%00 SE#D0
TYPE AL STZE OF LUMINAZRE.¥ e

STREET LTEHTIHG REGULATOR-
FATIMG 1IN KW A5 TNO[CATEDR

=T.

STRIET LIGHT DESIGHATIYRS:

SECTIONALTZTHG SRITCH
MOJETOD QN CRISSARM -
NOPMALLY OFEH

—r—h‘—

P o W

[5]

ALTOMATIC LIKE SECT1CMALTZER
LLGITKIKG ARRESTER IN

SLCTICHRLIZING SAL1TCH
MIUHTED G CROSGRRM -
hurta LY CLCSED

AUTCMATTC LIRCUTT RECLOLER

ELCE FHBSE WIRE t
FRIMARY LIYT = WUMRER,
S1ZE, BHD VILTASE OF ata-imey
WIREE A% 1HDICRTED
STREET L1G-TIKG SERIES -
WIRE, HJMEER BHE S1ZE Z*EELS
A5 IRDICRTED
TREET LIGHTING MULT P_E -
E]FEEF: NLYIER fon §12F EResk
BL [NIICATED

E i LI ONRY
R S R, U
0F RiFES AL LNDICATED
SIMGLE PriSl SECOMCARY oy

LINE - WJMBER AKD S1ZE
Ol WlSES AS JNCICATED

336

COLOR CORSECTED MERCURT

FOLLOKED BY WRTTAGE <
SERTES =
FULTIFLE P
FHITG-ELECTRIC CORTROL PH
FILAMENT LAM= - FOLLOWED BY

LUMEK E1ZE 97 WATTASE F
KERCURY YASOR LAMP - "

FLLLOWED BY WATTASE
IES DTSTRIEUTION Trif T, INT

ERCLOALE E
OPEN Late]
[ FTE -

NUMZER, S1ZES, AND WOLTAGES OF
CONLAIZTORE MAY BE JDENTIFIED BY
MOTETION OR SCHEQVLE.



ELECTRICAL SYMBOLS

EXTERIOR

UNDERGRUUND: EXISTING KEW
MAMHOLE-NJ¥ZZR RHD TYPE A% THOTCATED . Man-F
HAHDFCLE ] N
TRAYSFORMER MARKDLE DR VAULT
TRAMSFORMER MALKTED D4 COMCRETE PRG {DESTRIES) (d 4

UKCERSAGING GIRECT BURIAL CABLE, IN3°CATE TYPE,
S1IE. NUMBER {IF COMDLCTORE ANC YOLTAGE, SEE
WOTES BELCH.

ARLAD-ERY ARy

UNCERZRCINE DOST LINE,  IRLDICATE TYPE, S[Z2E ey . (5
ARD WUMEER OF DUCTS AND CONDLCTORS BY NU-ATION  ——oif 'ml_": 32 '5,“ :
DR SCHEDWURE.  SEE WOTES BELOW. TeW 4 A
ETRCET LIGNTIHG STANIGRD FED FROM UNYIERGRILNTD [1 :Ci

hETES :

1. SIKSLE CONCTIS CRELES SHALL EE TRDICATED AS FOLLOWS: A45Z/0-15EV; 3&2-RuY
LN O1EE-BOCY, DR 31/C #RI0 MIV-15KY,

2. TH=EE CARDLCTOR CAZLEL SkaALL BE IMCICAYED BS FOLLOWS: 340 #3/0-16EW; 2fC
R0 MOH,

3. DUCTS S-ALC B IKCICATED AS FOLLOKS: E"-dW, 45, 5"-dW, WITE d¥ IKDICATTRE
FaLR DUCTS, B IKDICATING B GUCTS, ETS.

8. SPECTFY CROUYIED OR UKRSROLMIED AxC EZHIELDMSYNG OF CCYOUCTORS BY WOTE OF SPECTFI-

LH

CATIOM,
S¥MECLS ARE FOR TLLUSTRATINE PURPCSIS OHLY. ¥aARY TO LT GCALE OF TIsAWINC.

12-ZE
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ELECTRICAL SYMBOLS
INTERIOR

BEMERAL QUTLETS: SWITCH DUTLETS:
CTILING WALL

LIGHTENG OUTLET SUBSCRIPT C:'[,J~ |'OE SINGLE POLE SWITCH s
EES:GHATES FIXTURE TYPE

BLANKED CUTLET OCJELE POLE SWITCH 5;

LH1T MERTER ]+~ THREE kAT SWITCH 5
H,

[LECTRIC HEATER FGR WAY SKWITCH Sq

EXHAUST FeM BOCR SWITCH W

SUHITION BCY SWITCH FOR LOW VOLTAGE S0

SYSTEN

VHERRLSTAT KEY OPERATED SKITCH Sk

EXIT L1537 OJTLET SHITCH QPERATED P)LOT Sp
LAMP

tLack QUTLET MOMINTARY CONTACT SWITCH Sme

Ho® 006
m@§6665§6

F_UJ=ESCERT TLXTURE REMOTE CORTROL SWITLCH

s
§JTLES - DESIGYAZE TYPE e
WEATHERFROOF SWITCH S p
SGuENTORCE OLTLETS:
LIYELE RICEFTACLE
|-6 FLOCOLIGETS; IHTERIOR 0% EATCRICR
CUPLER ROCEPTALLE
b CETL NG WiLL DR PILE
WEA* 4EfPPRIOF RESEPTECLE %wp ﬂ — -a—-l
SAAGE CJTLET b
o R NOTE: ARECH TNDTCATES CIRECTION
SWITCH AYD RECEPTACLE = OF BERY,

DPLIX RECCPTACE-SPLIT WISED 'Fe

SPECTAL PURPISE QUTLET - @
(DESIGHATE 1N SPEC)
FLOOR QUTLET - DUPLEX E
KECCPTACLE

HITE:

SrREILS KIT SHOWh Wili TIardTs T "AMTRICAN RATICHAL STARDARDS IRSTITJTEM.
12=37
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ELECTRICAL SYMBOLS
INTERIOR  CONTINUED

PAKELS, CTRCLITS, AWD MISCELLAKEQUS;

LIGHTING FAMEL . FEEDERS -

POWEH PAYEL AISTLTARY SYSTEM CIRCUITS  we-—

COMRIHATION PAKEL B3 UKDERFLCOR DUCT AwD JURCTI0M
BO¥-TRIPLE, DOUELE QR SIMGLE

ERAYCH CTRCYIT; COHEEALED DJCT 215Tzk T3 DESIGHATED #la

IN LETLIHG OR WALL BY WUMEER OF PARALLEL LINES

BRANCH CIRCNT, COWCEALED -—r- GEHERATCR-SJBSCRIFT

Ik QR BELGH FLOCR DESIGHATES KW RATING @Im

ERARCH CIRCUET; EXPOSED

MOTOR-SUSSCRIPT DES)GNATES @
3

HOMD RLN T PANEL BOARD H.P, SJIF

IKEICATE NUMBER OF EIRCUITS et

EY KUMBER OF ARRIWS. AHY SERYTCE SWITCH CR BRZAKER R
CIRZUTT WITHOJT FURTHER DESTG- ,

WETIGY INJICATLS A TWO-WIRE CORTRGLLER =
CIRZUIT. FOR A GREATER MUMSER e e

OF WIRZS INDICATE AS FOLLOWS: DISEONNECT SW.TCH —H

s (3 WIRES): o4 WIRES) ETC.
BUEIL1ARY SYSTEME:

PLEA EUTTON 0 BELL PINGIKG TRENSTOZMER
BULIER O TELEVIS1ON
BELL (s FIRE ALAPM BELL (o
AhHUNCLATOR ) FIRE ALARM 5STATION 1]
TELEPHONE b CITY FIRE ALARM STATION 44
TKTERCOMMUNICATION .

TELEPRONE K] FIRE ALBPM CINTRAL STATION
KJTEMETIC FIRE ALARM DEVICE [F5)
TELEPHINE SHITCHETARD k]!
RHEN] (e ]
NGTE :
RYRIALS NOT SSORN WILL COMFORM TO “AVERICAK MATIDNAL STAMDARDS INSTITUTE".
12-38
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ELECTRICAL SYMBOLS
SCHEMATIC &ND (IAGRAMMATIC

BHTIHNE q
REREATER, LIGHTHING —_—
— —
BATTERY ."_1 e
CIACUT BRIAKER - |
SIMGLE POLE b

CiRCUIT BSEAKER -

3 POLE WITH THIEMAL
OVERLIAD DEWICE IK
AL 2 POLES

CTRCUIT BRzAKER -

3 FOLE WITH MAGNETIC
GYZRLOAD DIVICE 1N
ALL 3 POLES

_ﬁf_;L.A

CIRCUTT EREARER -
3 POLE, DRSWOJT TYPE

M A=
L
e I

CAFACETOR

CAPACITOR, WARIALLE

7%‘

LRPATITANTE, BUSHIRG
PITERTIAL CEwICE

[ﬂIE -

Nise

COLPLIHG, CABACITOR
FOTEMTIAL DEVICE

CONTALT, CPzh

CORTACT, CLOSED
DTSCOMNECTI NG OEWTCE

ELEMENT, THERMAL

FELEMENT, FUSISLE

FLSE

CROJND

MSIRIRE, ROTATIMG, BALIC

GEYIRATI, GERERAL

MITOR, GERERAL

WILHD ROTOR, OR SYHCHRIRGUE

IHJUCTION MITCR

FCTATING ARPATURZ WITH
COMMUTARTOR AHD BUSITS

SEREAATELY EXCITED
GIRECT = CURIENT
GESERATDR OR MITERR

A Jﬁj

—

©
©

Q

FOR §YYii 5 WOT S SEE "AMTGICAY NATIDWAL STAWDARDS THSTITUTE".

12-3%9
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ELECTRICAL SYMBOLS

SCHEMATIC AND DIAGRAMMATIC

MITE® 0% JHLTRUMENRT
* LETTER DEMOTES TYFLC

CICDE

RECTIFIER-FULL-KAYE
BRIDIE

RLAT COIL
* 1CEKT1FYIHG LETTER
OR HJMEER

RESISTCR

RESISTOR-VASIAZLE

SWITCH-SIRGLE TEROW

SWITCH WITH KHCEK CAP

KITE:

®

—_——

L -

@m%

2

—_—

—r

TRANSFRRMER-GENERAL

TRANSFORMER-LUGRERT WITH
FOLBRITY MAREIRG

T TRANSFORMER-CURRENT,
BUSHIAG TYPE

A —

Ao ow—

TRANSFORMER-POTENT 1AL _3 E

FOR SYREILS %97 =R SES "AMERICAN NATIOHAL STRARCARDL TRSTITLLE™.

la-40
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TOPOGRAPHIC SYMBOLS

EURVEY DATA
CArTROL POINTS:

o _ - B.M. PiKE
EZHCH MARY = PIPMAHENT FaY EL 3129

- i AN TEBM. NOLZ
BERCH MGRE - TEMPIMAR ® OELz=e3
1Pk RGQ - TEMPORARY o

COMERLTE MONUMENT - PERMAHERT o

w00

=
o
1

BAS[ LIKE - S1ATION KUMEERS BASE LMME AOE N

Tr&YCRSE LIRE

o o
AZIMLTH DISTAHCE AND HJUE KUMEER o AT 27 4 IRE-20
5T
1D 000 - X

CODELTRATE TLERTLIFICATION : |

CEASEIHATE JYTERSLCTION _:_EE_

SPCT ELEYVATIONS FAL 4

BUILDIHG WITH TIF AKD GRCORD ELEWGTIOKS D%

TKGTYDUSL TREE W1T4 T0P RHD BRGIRC ELTVATIONS QLELLe

WWER PILE WITH TGP ARD GROUND ELEWATIORS Tl
TN

12=-41
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TOPOGRAPHY

CONTOURS
TrPES:

{I PEK

IKDL A .
o PEM

THTEARLOIRTE
? PEN

FILISHED GRADE -‘\

BEPRESS 0N g::::::}

HILLTOP @

TXAMPLE -
1HCEX COYTLUR _
KETE:
-—-_.f__—‘___ﬁ'tlr:mﬁmm LABEL EACH INDIN CONTILA WITH
E— CORTALRE SLAKT LETTERING
e

ExfvELE = EXTSTIKG TORD WITHE Fid15dz0 GRADE COMTOURE:

o
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TOPOGRAPHY

BOUNDARIES AND DBRAINAGE

BIUNISRIES:
L17¢ (IHC.), TORY, VILLASE 05 PEH——&
COLMTY LINE 1 FEN—% .
CONSTRUSTION LIMITS . .
4 PEH
CRAIGAGE BASIH BILHGARY
EASEMEHT LN -
i . 0L PER
RLGHT-LF=H&Y LINE i W
RESIRYATICH LINE R L
5TaTz LINL 3 PEK——""% e
LRhiaR3E:
CAlkAL —
BiTC . . :
LASE CF PONG KTTH DEM
STREAMS
_ LeraR cREEN
PERERHKLAL
THTERM: TTENT i st
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TOPOGRAPHY MAFPING
EXTERIOR UTILITIES

Ok FEN
rele LINE
F'
EA%: LIKE
ﬁ
JHCLSTRIAL WRETE LINME W
FOWER LTHE - AEPRTAL -
FOWZR LIKE - URCERGECJRD =
SAR]ITARY SERWER LIHE L
STLEM LIKE 5
ETCHM CRALIKAGE LINE ep
=}
TELEPRONT LINE - AERMAL -
TELERADME LINE - WMCERGSCONG T
TELEFRINE AHD POWCR - ALRIAL T
WATER LYHE w
BERPIAL UTILITIES: [27 MId_, &" mMAx_)
f,c- - F - F - —
0 g P N
BUI_D ARG
TSR EERDOYD UTILITIES:
R UP———— ——— P — —— =
1/8" DAEEES WITH 3/16" SRALING
FURE Wi LnAaT o
InLLT ]
MAKHALE o
FowLs FOLE o
FCWER POLE WiTE GUY o3
POEa POE wiTF TRALATORMEES - L
YiaLVE -
WILL - LBEEL &35 TO TYFE o SAS
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TOPOGRAFPHY
WORKS AND STRUCTURES

FIELD ROAD DR TRATL

— ——— —— ——— rr—r —r—

GRACIC DIRT — e e . e

ABJL ROUTE DES1GHATION s ® & @

ravED DR GRAVLL (DESIGHATE WMATERIAL}

“CUTE MARKERS G O

reocem STHIE wreRETare

GOUNTY
RRILREATS:
SIKSLE TRACK s
CJLELE TRACK )
1 | | | :I| '= 1
AEadolizh
—— —— —— —— ——
BEILAES
FOCT
—
FIXED BRIDGE = ETGHWAY
—
FitED BRIDAE - RAILRCAD
—
EJRROR ERIA, STOCK PILE Q5 SPOEL RAELA ‘ ’
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SUBSURFACE EXPLORATION

SYMBOLE
BORINGS! FROPOSED  COMPLETED
CORE CR SPLITSFO3N HOLE & v,
BRELE EORE HOLE o 4= eis‘
RUSER EORING-FOURDRTION OR HORRDW EXPLORATION O )
CRLYX-LARGE DIAMETER CORE HOLE @ @
EXCRVATONS -
TREHCH — —
TEST P17-FOLHCATIGY EXFLOGSTION O ]
TEST PIT-RORACW EEFLOASTION = ®
B EnTI0

BJGER BIRING DESSGNATIOR HUMBER
Az FLAN, PRGFILE OR SECTICH
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SOIL CLASSIFICATION

GRAFHIT LOG SYMBOLS

;¥§%§1 LYMBIL TYP|CEL NAMES
WELL-GRADED GRAVELS, GRAVEL-SAKD MIKTURES,
Gn LITTLE OR MD FIMES.
FOURLY-GRAUED GRAVELS, GRAVEL=GAND MINTURES,
Gk LITTLE Ok ND FIMES.
GH SILTY GRAVELS, GRAVEL-SAND-51LT #IXTURES.
ol CLAYEY GRAVELS, GRAVEL=SAMD-CLAY MIXTURES.
WELL-ORADEG SAMIS, GRAVELLY SAMDS,
W LITTLE 02 WO FINES.
- POORLY-GAADED SANDS, GRAYELLY SANDS,
LITTLE GF WO FIMES.
SH SILTY SANDS, SEMD-S1LT MIXTURES.
3 CLAYEY SAKDS, SEMD-CLAY MiYTRRES.
INORGANIC SILTS AMZ YERT FINE SRWDS, RGCE FLOUR
ML S1LTY OF CLAYEY FINE SANDS OR CELAVEY SILTS
¥ITH SLUGHT PLASTICITY.
IMORGAMEG GL&YS OF LOW TO HILLUM FLASTICITY,
Ll GRAVELLY CLATS, SANST CLAYS, SILTY CLAYS,
LEAY GLAYS,
ORGAMIC SILTS AM2 ORGRKIL SILTY LCLATS GF
oL LW PLASTICITY.
WWORGAKIG SILTS, MICACECUS OR ©IATOMACEQUS
MH FINE SN OR S1LTY 50015, EL&STIC SILTS,
.i‘
£H inj iNGRBAN ™ CLATS OF HIGH PLASTICITY, FAT CLAYS.
7
o8 77| ORGhMIL LLAYS OF MEDIUM TO HIGK PLASTICITY,
‘5???5 RGN I (LTS,
Frmart—tprky
PT ) FEAT ANMZ OTHEE EILELY ORGAH"C 2075,
| bttt

348



HYDROGRAPHIC SYMBOLS
TOPOGRAPHY FEATURES

BLKE LIKES:
SURVETED —
UMSURVEYED e ——
BR1DGES: | )
FOOT _.___;!_k___
4 £
[INDILATE CLEARANCES)
RAILROAD 3% E
CONTOURS:
FROJEET DERTH e e Py E—
ZERD s
COLTROL POINTS: .
L
EENCH MARK - PERMANENT P
- RARY TBM
BENCH MARE - TEMPORA XIeW
BOUNTARY MONUMENT 5
HARBOR LIME Lls
TARGET 4
TRIAMSULAT 0% POINT (STATIDN] A SEA

CRIS5INGS:
POAER LANE WITH TOWERE

__H__P__{-g____.

GUSHAR [ME CAELE ARZA

SUBMLEINE FLPELIRE ANEA

CLGLE AR

PRI VE AREA



HYDROGRAFHIC SYMBOLS
TOPDGRAPHY FEATURES

DAMS:
WITH 100N

WITRAUT LOCK

DIKES BND RETRADA:
STGME OR PILE GIKE DR GROEM [PARTLY BELOW M.H.W.}

REVETMENTS
MATTRESS TYPE

I

1933

[IRDICATE DATE COMSTRUCTED)

LT

PLLE &R STONE T
JETEY ;.L_'i--_.._-
FLOw DIRECTION Lol oh oW
HLZLRZS:
ROCES
ArbSH ¥
UKDERHATER +
WRECKS
&MY PART REDVE WETER w
SUNKEW {DAKCEROUS TU SURFAGE HEVIGATION] s
LIURFECE H.l-'-'lGiTIDH] "
SUMYEN [MOT BANGERCUS TO
PacFasEl EYISTIXE
LEVEE Of E&RTH DLEE: L A
h Lj L] w L}
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